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^33^/ THE 


Tranflator's Preface. 


H E (everal Editions whicK 

thisTrcatife has pafled thro', 

both in French anj Laiin, 

«re a .fufEcient Tcftimony 

how acceptable and -ufefut 

it has been to the World, 

and , a juft Apology for my 

i tranflating, it into Englifh, I fhall not 

^ therefore trouble the Reader with any par- 

t^. ticular Account either of the Excellency of 

1 the Subject, theAbilities of the Authcw, or the 

" Method he has proceeded in, but refer thena 

all to be judged of by the Book it fclf : Only 

as to the Notes the Reader is defired to take 

Notice, that therein is a full Anfwer to fuch 

Objetaions made againft the Author as fecm 

not to have any juft Foundation, and a great 

many Things in Natural Philofophy, which 

have been fince found out by the Pains and 

Induftry of later Philofophers, are here fe- 

4cded from the bcft Writers j and there are 
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alfo fcveral Things added out of the Obfcr^^ 
vations of the ancient Writers of Natural 
Philofophy and Natural Hiftory, where they 
fcemed further to explain and illuftrate Mat- 
ters. In all which, to avoid Repeticiofi, Gra- 
titude demands that the Reader (hould know 
that there are a great many Things owing to 
the learned and induftrious Dr. Laugbton^ and 
to the Reverend Mr. Morgan. The former 
of which communicated a great many Things 
difperfed throughout the whole Book, and 
correfted Abundance of Err ours : And fix 
whole Differtations are owing to the latter. 
Viz. ; Thofe concerning the Laws of com^ 
municating Motion in elajlick Bodies ; Tbe 
Explication of the Forces of the mechanick 
Powers^ which are contained in this firft 
Part I and thpfe concerning the Celerity with 
which heavy Bodies defcend\ the Motion of 
ProjeSliks ; the Motion of Pendulums ; and 
that concerning the Rainbow ; which arc con- 
tained in the following Parts. 

The fourth Part of this Work is but 
ihort, and not very perfe<ft -, wherefore it is 
thought more adviieable to refer the Reader 
to later Writers of Anatomy who have hand- 
led that Subjed clearly and fully, than to 
tranfcribe fo many Particulars. I hope the 
Whole will be agreeable and acceptable. 
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gHE Trcatifes of Natnial Phi- 

§ lofophy which have hitherto 

re been publiftied, being prcriy 

B much alilEC, both as. to the 

P Matter of them, and the-Manr> 

ncr cf handling them 5 It is 

«fCv for me to foreree, thjit aoiQi^fl thole 

wbo read Tiiis, there will he a great manjr 

•who will .'be at.firft furprized at the great 

Difference there is between this Treatife and 

others. To prevent therefore in fome Mea- 

ibre this Surprize, and to give what Satis- 

fadtion I. can in this Matter, I think my £elf 

obliged" to give an Account of the Oftferva- 

tioos which. I have made upon the Piulofo- 

phy of the Ancients, and of the Method. 

vriuch.} have taken in this Wcwk. 

.In rofletfting upon the different Ef&6ts of 

Time, I have long fince <^ftrved, how fa^- 

ivourable it is to ibme Things, which it 

is continually : advancing to Perfefiion, . and 

how pernicious it is to others,^ fo as to 

firip them of thofe Beauties and Graces 

A3 which 
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tvtiich they had at their 6rft Rife; and I 
always concluded that Arts and Sciences can- 
not be of the Number of thcfc latter, bu^ 
that Tinle is fo far from being prejudicial to 
them, that on the other Hand it is very ad- 
Vantagious. For as a great Number of Per- 
fons who cultivate the fame Art or Science 
for feveral fucceeding Ages, -add their o\yn 
Induflry, and their new Light to the anci- 
ent Difcoveries of thofe who went before 
them, it is impolfiblc but that fuch an Art 
6v Science muft receive great Improvement, 
and arrive nearer and nearer to its utmoft 
•Pcrfedtion. 

And thus I faw that Mathematicks did 
really increafe by little and little in this 
Manner y as it is eafy for any one to be con- 
vinced of, . who considers only the vaft Pro* 
grcfs that hath been made by the great Ge^- 
iiius's of our Time, who have excelled all 
others in this Particular, and furmounted 
fuch Difficulties as the moft Learned in for* 
mer Ag^es confeffed they were not able to 
folvc, I faw alfo that moft Arts were per- 
fefted by Time i Workmen every Day find* 
ihg out a Multitude of curious Inventions, 
which, are not fo much eftcemed as they 
deferve, becauie they are very commop, 
and we do not enough take Notice of 
them. Though amongft thofe Engines which 
are employed in making Things of common 
Ufc, there is One that has been lately in-^ 
•vented , which has in it {o much Contri- 
vance, that this fingle Thing dcferves to be 

more 
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ihorc adniircd thaii all tlie Invcatibni hV 
Antiquity. '\ / \" . '^* 

But when 1 came to canl;dcr Plfilofo* 
phy, pvticuldjrly Natural Philpfbphy,^! Va$ 
very much furprizcd to ftc it fo barren ar 
not to have produced any i^'r^ltV in fo^nauch' 
that twenty Ages have pafled, \yith6ur any^ 
new Difcovery made in it. \ 

However, I could not perfuade njy^ 
felf, that the Study of NatUrar Things wa? 
hegledled, becaufe it was thought to be o^ 
no Ufe ; for Health has. always been eftfcem^ 
cd one of the chief Bleffings of Life, afta 
no one can be ignorant, that Phyfick, ih6 
fole End of which is to n>aintain and re- 
ttorc Health, is built upon Natural Philor 
fophy. 

Nor could I ever perfuade my felf, that; 
thofe who improved this Science, were lefs 
ingenious, than common Artifts : For yrt 
find by Experience that in. Families wher? 
there are a great many Children, when ihey. 
come to make choice of their Profcflions, 
thofe of them which have the quickeft Ge- 
nius, are appointed for Study, or volunta^f 
tily incline tnemfelvcs to it; and thofe only 
whofe Underftanding is not fo good, apply 
themfelves to the raechanipal Arts, and are 
contented with their Lor. . ^ 

Hereupon! fufpe^ed, that perhaps 
the Knowledge of jiatural Things was a- 
bovc the Redch of hunianc Uhdcrftahdin^, 
fo that it was in vain to labour to attain that 
which is beyond our Capacity : but when I 

A 4 coniidcr'd 


fotnc Philolophets of our own Age, lyhoi 

^ir?ys? W^TifWd be fouod out at ^U j I 

^ So that i vv^as fiicccd to.coxicludc^ that( 
:, MApner -jof. philbfophiziflg ,. was the 
jing,tbat nad^nubiertp been ^TOift^^ ken- and 
tjlj^C^ghif ErroTf p^r^i«^ Which, -^uve^becn in- 

ttftP^K'?^^^ R^m^^^flual to^ 

ijjlf e^^ certajnj^ar ta Riader tSe Appi:oa9hes 
tqwad:c}& T^t^^h. .J/(et'my fell then to en^ 

'towberem-theJw^^;/^;r of their tteatiija 

ofophy was dcfeciive ; and after A^vim 
;x35nped .with; tl^ greateft^DiUgftpc^^'piQ^ 
*' .wHat^.thajiyietb^d' ^ the 

QQ^ of t^ .jitljfmaip down to this very 
ime ; .jhere. jfbemed lo.rae to be four Thine? 
^saxi^able^ia.tljis Matter. . ./. , % 

: ': ^{f/, T H f iVq .^reat Ay tb odfy i^hat hatl^ 
jjways been/ given, to^-the Ancients, in th^ 
Schools,: ,For befides- that this prodigious 
J^ificrence which i^ ^put between jJiem and 
,tKe Moderns, is/withput the leaft Foundar 
,tiori; .(for-Reafon js tp be fo^ind in every 
Place and every Age ;}: it is certain that fuc^ 
^ blind Submiffionta the Opinions x)f-An^ 
tixjuity^ is the ^C^ufi? .-wlay Pcrions of the 
greateft Gpnius, ^receiyiiig fuch Opinions for 
'true without confidcxing thern^ .when perr* 
jhijpS' tliey may be.falfe,) have, not an Op- 

' • . . ' portunity 
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portunity of kapiyiog thp contrary Opini- 
ons, nor confipovwntly of finding, out aU 
thofe other Tifutos. tj^at depend i^pon thofc 
wHcIi fo fetal a- Prejudice has hindred them 
froi:ri feeing. And further, this ftrong Per- 
Cuafioh of ouir being . fp much inferiour to 
the Ahtierits, caufes in us a Kind of Slugr 
giftxnefs and Difedence, which . hinders us 
from a,ttcpipting to enquire into any Thinj 
3t s^ir. We imaging that Rciafon is limited 
at the Place where they flopped, and that 
all . is done that can be done humanely 
fpeakia^). if we go as far as they went 
Thus the ^reateft Genius's con tep ting then[i- 
-felves. with going over the Reafoning^of the 
Antkhts, don't, iexercifc their own Reafoa 
^^?iv ^^ though they be Hev?r fo capable 
^f nnding/out any Thing themfelves, they 
contribute no mojre tp the advanping^ Natural 
Philo{9phy„ than if .they had, not middled 
wit^ U at all. , • : ' ,: . . . 
\. l.^JiX nothing .particular ^^of ;hat Vcnc^ 
/atioii* which had. Been paid to AriJiQtle^ 
though Iqpietimes it has rifen to fgch an Ex- 
if<:fs,i .'that to alle^ge. tl^a^t he^ f^id, fuch a 
Thing* w^8 fufficiferit. to piake any One pot 
pnly to doubt.of \yhat his Reafon convinced 
him,- but cyeA to'coiideAin it*, \ ihall only 
make this Obfcrv^tipnj.thatthp. Imagination 
ybich a great many have' had^.that,He knew 
alt that could ]be ^ppwn j and that all Sci- 
ence' was contained in his Books, hath 
caufed the groateft Part^ of the beft Philofo- 
phiers fince to •'ipp'y themfelves in vain ,to 

read 
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tead his Wbrkj, to find o'lit in them what 
was not there, and what they might perhaps 
otherwife have found out by their own In- 
genuity. But if there have been fomc who» 
not being quite fo zealous as others, did 
not hope to reap fo very much Fruit from 
reading him ; yet it always happened that 
the Defire of recommending thcmfelves by- 
explaining thofe Places which he left ob- 
fcure (on purpofe, as fome think, or elfc 
for wint of better Light ) hath made them 
employ their whole Strength of Mind, and 
all their leifure Time, to very little Purpofe^ 
in writing Comments upon his Pbilofophy, 
without promoting the Science at all : For 
thofe who have undertook to explain Ari/^ 
totle 'y have under ftood him fo differcndy, 
that there are an infinite Number of Places 
which all the Schools are divided about ; 
And if there be fome few in which they 
have agreed, it is bccaufe the Notions con- 
tained in them were fo common, that very 
few Perfons were ignoram: of them. So that 
they took more Pains to ftudy Ariftotle than 
they did to ftudy Nature, which perhaps i$ 
not near fo myfterious as He. There are a 
Multitude pf Things vvhich Nature plainly 
declares to thofe who. apply their Mind 
thereto. But alas, this is not the Cuftom, 
we had rathci»^earken to jinjiotle and the 
Antients ; and this is xht Reafon why we 
make fo little Progrefs. 

Another ^Thirig which hinders the 
PiJpgrcfs^f Natural Philofophy, is the Treat- 
ing 
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ing thereof in a Manner too metaphyseal ; 
and the Difputing al?out Queftions fo abftraft 
and general^ that though all Philofophefs 
were agreed in their Notions of them, yet 
they would not help to explain the leaft 
particular EfFedt in Nature ; whereas every 
ufeful Science ought to defcerid imniediately 
to Particulars. For Inftance, what good dp 
thofc long and hide Difputes do, aibout the 
Divifibility of Matter? For though it could 
hot be accurately determined, whether it be 
infinitely divifible or noj it would be fufii- 
cient to know, that it can be divided into 
Parts fmall enough to ferve for all Purpofes 
that can be. 

It is very ufeful, without doubt, to find 
out the Nature bf M6tion in general. And 
it inay ilot be very improper to examine z, 
little whether it be well or ill defined thus, 
^be AB of a Being in Power ^ fo far fortB 
as it is in Power. But we fhould not Ipend 
too much Time in determining this, and 
fuch like Queftions 5 I fhould rather think, 
that after having confidered a little the true 
Nature of Motion in general, we fliould 
particularly and didindly examine all the 
Properties of it, fd that what we a£Rrm 
concerning it, may be applied to fome Ufe ; 
In a word, I think we (hould carefully 
enquire into the Caufe v^^hy Matter pro- 
duces fuch a particular EffeA rather than 
any other, and not accuftom ourftlves to fay 
that it is the EfFedt of a certain ^ality ; for 
From hence it \i that we iarc led to give 

Words 
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Words inftead of Reafoas- and hence .arifc« 
that fenfelefs . Vanity or thinking that, we 
know more than . others, becaufe we kQCw 
Words which ' the cdmmori . People don't 
know, and which indeed hav^i no' deter- 
jminate Meaning. To fay the Truth \ \ k 
fhows a mean Spirit^ ana one that is fooft 
fatisfied ; to believe that we know more of 
Nature than other Men, . becaufe we have 
learned that there ar^ . pcpult Qualities^ and 
can give a General Anfwer 50 all Queftipns 
propofed to us concerning the different 
feffedls of Nature. For what Difference is 
there in the . Anfwe? of a Plowman and a 
Philofopher, if they are both asked, whence 
is it„ for • Inftgng.^ tb^t the. Loadftone at- 
tracts tjhc Irgn, and the one anfwers,' ^at 
he does not know the RQafon of it,, and the 
other iays, it is done by . fome Vertue or oc» 
cult Quality? Ts not tjiis in plain EngU/h^ to 
fay the fa.m'e Thing ipi different Words ? and 
18 it not evident, that all the Difference there 
is betwixt them is only this, that ^ the one j§ 
fo honeft as to'confeft his Ignorance, and 
the other has the Vapity to endeavour to con- 
ceal hi§? .'. 

A *T H I R D Defe(9: which I have found in ' 
the Method of Philpfophersj^ i^, jchat fome 
of them are wholly for Ke^foping, and de^ 
pend fp miich upon the Strength of their 
Arguments (efpecially if they be borrowed 
from the Antients) th.ait they judge it fuper- 
6uous to mak? any Experiments. Others on 
the contrary, cjuite tited with fuch tedioy$ 

Arguments^ 
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Arguments, the grcateft Part of whieh arc 
oot condufivcj or ^re pothing. ;9^ the Pur- 
pole,; dunk every Thing ougb^ t;(;ibe redu- 
^d^o E^eriment> and that thejfeifaould be 
liq Reaibning at; alk But bpt$ the& £x-r 
trenifes dp equally*hmdcr the I^rogrefs jpf I^a^ 
foral PhUofophy.j ^l^or they who. fall into' 
the firll of thiefe Errors, hinder thenjfckes of 
die beft Means of; finding out new X)ifco- 
vcries, and of ctrof^rpHng their own Argu- 
ments like wife \ y^nd they whp fall into the 
iec9n(i> by jdepriying themfelyes of t^e Li- 
berty of drawing jConclufions, hinder the 
Knpwicd^e of a larg? Train of Truths, 
which may many Times be deduced from 
one ifingie Experiments Wherefore it can-r 
not but be very advantagious to mix Expe- 
rinaents and Arguments together. For |lea- 
foning perpetualiyi and upon fuch general 
Things; only as *are ordinarily argued about, 
without defcendfpig' to Particulars, is by no 
Means the Way to attain any very exten- 
five or very certain Knowledge : Thus w« 
fee the iame Things continually bandyed 
about, and no new Difcoveries made ; nay, 
we are not very fore of the old ones, as 
general as they are. We fee alfo that they 
who confide moft In thofe Arguments which 
.they believe to be AriJiotle'Sy are in perpe- 
tual Difpute, and that they contend for Opir 
nions which are diredtly contrary to one 
another,- without being able to convince 
thoie of the other Side by their Arguments* 
And this plainly iho'ws how litde Certain-^ 
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ty 6r Evidence there is in their bare Rca- 
foning. 

Experiments thcrefbrc arc neccflary 
to eftablifh Natural Philofpphy; and this 
was a Tiling which Arijiotle was fo fully 
convinced of, that the Reafon why he 
thought that very young Per fons (hould not 
apply themfelvcs to the Study of Natural 
Philofophy, was, bccaufe at that Age they 
are fo little acquainted with Things, as to be 
unable to have made many Experiments j and 
on the other Hand he was of Opinion, that 
they were then moft capable of receiving 
Mathematicks, becaufe this Science confifts 
of mecr Reafoning, of which the Mind of 
Man is naturally capable, and does not at all 
depend upon Experiments. 

B u T oh the contrary to rejeft entirely all 
Reafoning , in order to do nothing but 
make Experiments, is to run into another 
Extremity much more prejudicial than the 
former. For this is wholly to difcard Rea^ 
fonj and yield all up to Senfe, and to con- 
traflr our Knowledge into a very harrow 
Compafs ; for by Experiments we can come 
to the Knowledge of grofs and fenfible 
Things only. Wherefore if we would pro- 
ceed rightly in our Enquiries into natural 
Things, we muft of Neceffity mix thefe two 
Means of Knowledge together, and join 
Reafon with Experiments. 

And that we may the better fee the gpod 
Effedls of thefe two when joined together, 
and the Xik that may be made of them, 

. • ^ ' • • - ' to 
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to the Advantage of Natural Philofophy, 
we may obferve that there are three borts 
of Experiments. The firft is, "to fpeak pro- 
perly, only the mere fimple ufing our Senfes; 
as^ when accidentally and without Defign, 
caftijng our Ejres upon the Things around 
us, we cannot help taking Notice of them, 
without thinking of applying what we fee 
to any Ufe. The fecond Sort is, when we 
deliberately and defignedly make Tryal of 
any Thing, without knowing or forefeeing 
what will come to pafsj As when, after the 
Manner of Chymifts, we make Choice of 
firflr one Subjed and then another, and make 
all the Tryals we can think of upon each of 
them, and carefully remember what wc 
have at any Time found to fucceed, and 
the Manner in which we arrived at any 
certain E^fl:, \t\ Order to apply the fame 
Means another Time to produce the fame 
EfFcdt. We alfb make Experiments in this 
fecond Way, when wc go amongft diffe- 
rent Sorts of Workmen in Order to find 
out the Myfterics of their Arts, as Glafs- 
makers, Enamellers, Dyers, Goldfmiths, and 
fucl^ as work different Sorts of Metals, and 
to obferve how they prepare their Materials, 
land how every one of them afterwards work 
upon thofe which belong to them. Laflly, 
The third . Sort of Experiments are thofe 
which are made in Confequence of fome 
Reafoning in order todifcover T^rhether it was 
juft or not. As when after having confidered 

the 
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the ordioary Ed*?ds o£ any|)articylar Sub*, 
jedty and formed a true Idea of the I^aturc^ 
of it, that is, 4f That in it which maik^ it 
capable of producing tlofi EftSli ; we com^ 
to know by our B^cafoning, that li ^ha^ 
we believe concerning the iViz//^« of it hie 
true, it .rauft neccflarily, be, that by tJif-» 
pofing it after a cettam \fanncr, a. new 
£fFe<a will be produced, which we did not 
before think of; and in Orilerxo fee if this 
Reafoning holds good, .wp.difpoie tfa9 JSUib-? 
jed in fudi .a manner as we heiiev^ k o^ght 
to be difpofed in Ordet to produce fuqh aii 

-Eff^. . . • ' /^ ' y ^ 

Now, it is very, evident . that this xhinj 
Sort of Experiments is . of peculiar Xj(c to 
Philofophers, becaufe it difcoVers t^ them 
the Truth or Falfity of the Opinions, which 
they have, conceived. . hvtA 41s to the two 
foregoing ones, though they be not altoge- 
ther fo excellent, yet they ought jiot to bo 
wholly rejedted as of no Ufe to Natural 
Phiiolophers. For beiides that their Knowr 
ledge is continually enlarged by them, they 
are alfo the Occafion of making, the iirft 
Conjedures concerning xhe .Nature of tbofe 
Subjects which Natural Philofophers are conr 
verfant about ; and pre£brve them from 
Tome falfe Notions they might otherwife 
perhaps have entertained. Thus, for In*- 
flange, we might have concluded in general^ 
^Culd that Gol(Lcontra5ls and ({ondenfes every Things 
if we had not difcovered by Chance of 

other^ 
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4)therwife, that there are Things which are 
dilated by Cold. .. ... 

The fourth Defedl that I obferved in <he 
Method of Philofophers, is the neglefting 
Mathematicks to that Degree, that the very 
firft Elements thereof are not fo miich ai 
taught in their Schools, And yer, which I 
very much wonder at; in the Divifion whicli 
tbey make of a Body of Philofophy, the^ 
never fail to make Matherjiaticks one Part 
of it. 

Now this Part of Philofophy Is perhaps 
the moft ufeful of all others, at Iteaft it is "ca- 
pable of being apply 'd more Ways than all the 
others : Fdr befides that Mathematicks teach 
us a very great Number of Truths which may 
be of great Ufe to thofe who kh&w how t6 
apply them: They have this fikrther very 
cpnfidcrable Advantage, that by dKercifing rhe 
Mind in a Multitude of Deklonftrations, they 
form it by Dcgrqes and accuftom it to dif- 
cern Trutn from Falfehbibd infinitely t)etter, 
than all the Precepts of Logick without 
Ufe can do. And thus they who ftudy Ma- 
thematicks find themfelves perpetually con- 
vinced by fuch Arguments as it is im^offiblc 
'to refift, arid learn infenfibly to know Truth 
and to yield to R^afon j infomuch that i f iii- 
ftead of neglefting them, ^ is ufually done ; 
it were an eftablifhed Cuftom^ to makt €bii- 
dren apply therpfelv« to this Science at firft, 
and to improve them in the-fe Studies as much 
as we do in others ; it would be of vaft U& 
^to binder them from con trailing that invin- 
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cible Obftioacy in thrir Opiniogis wbich wc 
fee ID the gteateft Part of tbofe, who have 
compleated their Coorie of Phik>(bphy ; who 
probably would not have fallen into fo per- 
nicious a Temper of Mind, if they had been 
accufiomedto, and ^miliar with omvincing 
Truths i and not ieen thofe who maintain in 
publick any Dodxine whatever, continually 
triumph over thofe who endeavour to fup- 
port toe contrary $ fo that all Things feem 
to them only mere Probabilities. They do 
ixx look upon ftudying as a Means to difco- 
irer new Troths, but only as a Piece of Wit 
to exercife themfehres in, the only End of 
which is fo to confound Truth with Falfe- 
Isood by Means of fome fubtle Diftindions, 
that the one or the other may be equally 
maintained, without ever being compelled by 
any Reafcms to yield, let the Opinion they 
deifend be never fo extravagant* And bdeed 
this is the Event of all publick Difputes , 
who'e very often Opinions dircftly contrary 
to each other, are by Turns propofed from 
she fame Chajir, and equally triumphed in, 
without making Matters at all clear, or efta- 
blifliing any Truth thereby. 

But the great Advantage that natural 
Philofophers have from Mathematicks in par* 
ticular, is, that they are thereby accuilomed 
to the viewing of Figures, and enabled to 
underftand the different Properties of them. 
I know it is here objeded by fome, that we 
ought not to flop at Figures, becaufe they 
are not aBive* But though they are not 
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aBhe in themfelves, yet it is certain not- 
withftanding that their Differences nuake Bo- 
dies, which we put into Adion, capable bf 
certain Efieds, which other wife thev eould 
not have produced. Thu^ a Knife by haying 
an Edge fet upon it becomes capable of cut- 
ting, which before it was not; and Wbrk- 
mens Tools, by their different Figures, arc 
fitted' to produce thofe different Works which 
arc made by the Help of them. And if the 
Figures of Bodies which come under our 
Senfes are fo neceflary to the Effects which 
they produce, it is reafonable to think that 
the moft imperceptible Parts of Matter, feer- 
ing they have every one a certain Figure, 
are alfo capable of producing certain Effe<Ss 
in Proportion to their Bignefs, like thofe 
which we fee produced by the groffeft Bo- 
dies. 

But not to enter too far into Particul^s 
concerning the great Ufe of Mathernaticks, 
Is it pot enough to put us upon applying 
ourfelvesm'ore to them than we have hitherto 
done, to coi^fider, that 'tis by their Means 
that the modern Philofophers have difcovered 
all that is excdlent and peculiar in natural 
Philofophy ? And alfo that it is by the Help 
of Mathema ticks, that the moft celebrated 
Artifts in every Age have made all thofe no- 
ble Difcoveries, the life of which is fo ad- 
vantagious to us at this very Time, and which 
make all the Variety of Arts and all the 
Conveniencies of Life. * It may be fome may 
think on the contrary, that thefc very Artifts, 
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the grcatcft Part of whom it is very probable 
have not much applied themfelves to this 
Science, will juftify it, that it is not fo ne- 
ceflary as I would perfuade them. But here 
there are two Things to be confidered : Firft, 
that as there is a natural Logick in all Men^ 
fo is there alfo natural Matbematicks, which 
according as their Genius's are difpofed, make 
them more or lefs capable of Invention. Se- 
condly, That if their Genius alone, conduc- 
ted only by natural Light, will carry therii 
fo far, we cannot but hope greater Things 
from the fame Genius if the Study of Ma- 
tbematicks be added to its natural Light, 
than if that Study be neglcdlcd. And in- 
deed all the Propofitions in Mathematjcksarc 
only fo many Truths, which thofe, who ap- 

{jly themfelves to them, come to the Know- 
edge of by good Scnfe. And they who find 
themfelves naturally difpofed to it, do very 
in to negleil what others have before difco- 
vered : For it is the moft certain Way of 
finding out any Thing new, to know all that 
has been before found out by others, and the 
Manner how it was found out. 

However, I don't put them upon the 

Rank of Inventors who have met with fome- 

thing by Chance which they did not fcarch 

after : As was the Cafe of that Workman 

who by cooling on a fudden in the Water a 

"' of Steel which he had heated red hot, 

I it in a Moment very much harder than 

s before: It was without doubt a very 

lucky 
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lucky Thing to find out this Way of tcdipe- 
ring Steel j but the Workman who had the 
good Fortune to hit upon it, does not de- 
ierve the* Name or Title of an Inventorj as 
a great many others do who are not be- 
holden to Chance for the Glory of their In- 
ventions: As for Inftance, the Perfon who 
firft invented a Fire- lock to a Gun ; for it 
is certain that this latter had the whole En- 
gine in his Head, if I may fo fpeak, before 
he made the leaft Part of it, whereas the o- 
ther found out the Way of tempering Steel, 
by hitting upon a Thing, as was before fkid, 
by Chance, which he did not fearch afr 
ter. 

Laftly^ That Mathematicks are of very 
great \5k in the other Parts of Philofophy, 
we need no other Teftimony than that of the 
moft celebrated antient Philofophers, who 
not ©nly fpeak honourably of them in jtheir 
Writings, but do alfo make ufe of them 
themfeivcs. It is fufficiently known, that 
Plato caufed it to be written over his. School 
Door, T^bat none but Geometricians /hould en-- 
ter in there. And they who have taken the 
Pains to read over the Works of Arijiotle^ 
have taken Notice of the feveral Applicati- 
ons he has made of Mathematicks in many 
Places ; fo that they who do hot underftand 
the Elements at leaft, have no great Reafoa 
to boalt of their being able to underftand the 
Writings of this Philofophen 
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T If E more I confxder thefc four Dcfedte 
in the Method of Philofophers, the more I 
find It impoflible to come to the Knowledge 
of philofophical Truths, without corrcding 
them. And this does not appear to me to 
be very difficult ; for though I had made 
fome Proficiency in Mathematicks, and ac- 
cuftomed my fclf to follow Reafon rather 
than Authority, yet I did not find my felf 
fuch a Lover of my own Reafonings, as to 
negledt Experiments, nor fo bent upon Ex- 
periments, as not to fuifcr my Reafon to go 
^beyond what they difcovered. 

But though this was fufficient to put mc 
upon improving natural Philofophy, and to 
make me hope that I might be able in fon^e 
Meafure to help forward the Progrefs of this 
•Science ; yet I obferved a fifth Defedt, not 
in the Method of thofe who ftudy Philofo- 
phy, but in that of a great many who r^ad 
their Works i which made me think, that 
to publifh any Thing upon natural Philofo- 
phy, was fo far from being any Advantage, 
that It was but too much to expofe one's 
fehf. For that Averfion which is ufual a- 
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gainft fuch Perfons, and that difs^grecablc 
Manner in which ' thofe who are uncapablc 
of finding out any Thing themfelves, receive 
the Writings of fuch as attempt to exceed 
what is common, pften hazard the Reputa- 
tion of the Author. For fcarp^ can a Phi- 
lofppher prefent tb? Publick with any Fruits 
of bis Studies, but fome unknown Perfon 
V^bo bw g Mind to fignalize himfelf, attacks 
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them« before - he undcrftands them- And 
hence come thofe trifling Difcourfes or^'Dif-^ 
icrtations, for the moft Part anonymous ones, 
which never fail immediately to appear, 
wherein are feldom any Thing elfe but Re^ 
proaches and very low Jefts ; and not being 
able to overthrow Truths that are fo firmly 
eftabliflied ; they try to turn them into Ri* 
dicuk) by fhowing that they are contrary 
to fome antient Maxim or popular Error, 
which tickle the Ears of half-witted Peo- 
ple, who are accuftomed to take Things 
without any Proof: And that which is very 
remarkable here, is, that thefc Writers for 
the moft Part attack the Works of others 
only becaufe they think them contrary to 
Arijiotle ; and yet becaufe they have read no- 
thing of this Philofopher but only thofe Ci- 
tations which they found in their philofo- 
phical Lcdlurcs, it very often happens that 
the Thing which they thus-attempt to con- 
fute, is what Arijiotle hinifelf has faid in 
exprefs Terms, We may fafcly affirm, that 
the Antients did more Juftice to Men's La- 
bours, and without doubt it was in a good 
Meafurc owing to this, that Philofophy 
made fome Progrcfs in the firft Ages of it j 
fo far were they from fufFering thofe who 
had made any new Difcoveries, to be cried 
down at a Venture and without any Reafon; 
every Body knows that there were publick 
Rewards appointed for fuch j even to have- 
fometime Statues eredled to them ^ fo firmly 
were they perfuaded in thofe Times that Ho- 
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boor contributed moft to the Invention of 

Artsr^ 

I T is true indeed, that this Maxim feems 
to be revived and re-eftabliflied in our Age.- 
Yet though Princes have by their Authori- 
ty approved and favoured Arts and Scien- 
i?es , the long Stiffnefs v^rhich they who 
il:udied natural Philofopy have in fo ma-^ 
ny Ages contrafted, have fo accuftomed 
them to reft fatisfied with what they recei- 
ved, from their Predeccflbrs, that the very 
propofing any new Thing, is enough to ren- 
der both the Thing and him that propofes it 
odious. Now to take away the Foundati* 
on or rather the Pretence of this Averfion, 
fuch Perfons ought to know, that this Re- 
proach of Novelty is generally a great De- 
ceit : For if a Thing be true, it cannot be 
new, becaufe nothing is fo anticnt as Truth^ 
and it is the Difcovcry of the oppofite Er- 
rour only that can be faid to be new. For 
Want of rightly diftinguifhing thefc two 
Things, we often fee fome Perfons crying 
out that we overthrow the Order of Na- 
ture^ when we only overthrow a falfc O- 
pinion which they were prejudiced in. But 
though fuch Sort of Perfons have not much 
Reafon on their Side^ yet the Credit and 
Authority which they may have over others, 
is the Caufe of their Exclamations always 
tnaking an Impreflion upon the Minds of 
& great many ; and this muft ever be difa- 
greeable to thofe who have no other De- 

fign, 


The AutHOR^s PREFACE. 

fign, but to contribute to the Publick 
Good. 

W H A T a Vexation muft it be to Dr. Har^ 
vey\ for Inftance, to fee all his Life long, 
how ill the Difcovery he had made of the 
Circulation of the Blood, was received j 
the Motion of which was quite different 
from what the Ancients thought ? Surely 
we cannot (how too great an Acknowledge ' 
ment to a Man who had undeceived the 
World of an ancient Errour, ^nd by the 
Truth which he eftabliflied, made us fee as 
clear as the Day, that almoft all the Theo- 
ry of the Phyfick of the Ancients was falfe. 
But how many Enemies has this Doftrine 
got him inftead of Thanks ? I fdcmnly de- 
clare therefore, that upon feeing what Li- 
berty is taken to oppofe the beft Things, 
becaufe the Misfortune of Mens having al- 
ways been ignorant of them, made them to 
be thought new 5 1 laid afide the Thoughts 
of ever entertaining the Publick with any 
Thing of my own, or what I learned from 
the Works of fome modern Writers. But 
thus much I thought at leaft, that it was 
not impoilible to advance a little further 
than is generally done in the Knowledge of 
Natural Things, if I carefully avoided fal- 
ling into any of thofe Dcfefts which I ob- 
ferved in the Method this Study was in at 
prefent. And indeed having fpent fome 
Years in reading the Ancients and Moderns, 
but with a firm Rcfolution not to follow 
them any further than I could fee the Rea- 
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were, pubUck, and a great m?iny Faultt 
ilipp'd in, I refolved to review it more ex- 
adtly, in order to pcrfeft it as much as" 1 
could. They who read it over, wiy eafily 
fee, that I have overk>oked nothing that is 
good in the Ancients. 

I Havs taken all the general Notions 
from Arijioile^ either for the cftablifhing <he 
Principles of natural Things, or the chief 
Properties of them : And I have rcgeifted 
Vacuum and Atoms^ or Epicurus s iifdivijibk 
Particles^ whiph I think are Things contrary 
to wh^t is firmly eftabliflied by A^iftotle i 
and I have learnt of him to confider with 
the greateft poflible Care the different Big^ 
nefles, Figures, and Motions of the infeniibl^ 
Par^s pf which fenfible Things are compofed. 
And this I w^ the readier to do, b^caufe aU 
thefe Things have a neceflary Connexion 
withi andRelatioii td the Divifibiiity of Mat- 
ter^ which I acknowledge with Arijlotle^ 
\yhp hardly refolves any particular Queftion, 
without confidering the Bignefs, Figure, and 
Motion of the Parts of Bodies, and the Pores 
which are between them. But that which 
moft of all determined me to this Confidera- 
tipo, was, that though there feems to me to 
be a juft Ground to doubt of the Truth of 
iotsiti ^alkies and Powers commonly af- 
cribcd to foiiae Bodies, yet I do not think 
thgt there is the fame Reafon to doubt of 
t\t^k being coH>pofed of infenjible Part 5^ or 
(bat i can bp deceived in affirming that all 
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common Books of natural Philpfophy, which 
arc as it were Commentaries upon Arijictle'^ 
Books cmcerning the JVorld. • I have alfo 
treated of the Nature of the Stars and their 
Influences. And after having explained where- 
in Gravity and Levity confift (which I could 
not fpcak of in the firft Part, not having 
premifed what was neccflfary,) I conclude this 
Part with explaining the Flux and Reflux af 
the Sea. 

The third Part is taken up in explaining 
the Nature of the Earth and of terreflrial 
Bodiesy that is, of the Bodies contained in it^ 
or which furround it% as Air^ Water ^ Fire^ 
SaltSy OylSy Metals^ Minerals^ and Meteors. 

Laflly^ I H A V E endeavoured in the fourth 
Part to comprife all that is hitherto, with 
any Certainty, known of xht Animal Body. 

One Thing perhaps will 1)c obferved in 
the Method I have taken viz. that I have 
been pretty long and particular, in explain- 
ing, in the firft Part of this Book, all the 
fenfible Qualities, which Philofophcrs ufually 
explain, and that but briefly, at the End of 
their Treatifes of Philofophy, in which they 
pomment upon thefe Books of Ariflotle's con-^ 
cerning the Soul. The Reafon of which is^ 
becaufe this teaches us to know ourfelves, 
and becaufe hereby we are feafonably freed 
from a popular Errour, and a Prejudice 
which we have entertained from our In- 
fancy, which I have known by Experience 
a great many never to have been able to get 
rid of, not even after they have gone through 
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their whole Courfe of Lcdorcs, but have 
brought back from the Schools thofe Habits 
they, carried thither, viz. the afcribing their 
own SenfatioBS to the Objeds which caufe 
them, and the confidering thcfe Senfations as 
Qualities in the Objedts. 

jF u r t h e r, you will not find a great 
many Things in this whole Treatife contrary 
to Arifi&tle 5 but you wUl find more than I 
could wifti that are contrary to nioft of the 
Cou^mefitaforS upon him : And befides this, 
you will meet with a great many Things, 
which neither Artfiotle nor his Followers 
have treated of at all, which I have howevcf 
judged more ufeful than many others^ which 
Philofophers have wholly imployed thtoir 
felvcs in. And in all this I did nor think it 
very ill in me to depart from fome particu- 
lar Notions, when I found that thefe Notions 
were difagreeable t<y Truth. * 

But what has very much abated thofe 
Scruples which I had about this Matter, is, 
that when I came to compare thofe Places in 
this Treatife which are contrary to Arijiotky 
with the Writings of the publick Profeffors 
of his Philofophy, I could not find near (o 
many in my own Works as in the Works of 
others. And without enumerating the Par- 
ticulars, it is eafy to be fatisfied herein, if we 
do but confider, that there is fcarce any Quef- 
tion in Controverfy, but one half of them 
draw Conclufions diredly contrary to the 0- 
ther half. Whence it follows, that we muft 
neceflarily find in the Writings of f|iofc who 
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profeis to teach t^e Doftrines of Arijiotle^ as 
many Places againfl him as for him. 

But though all the Philofophers did a- 
gree with each other and with Ariftotle, I 
don't fee that this Agreement of theirs ouehc 
to force me tobeof their Opinions, nor tnac 
Philofophers can pretend that I am obliged 
. to follow them, in what I am fully perfuaded, 
and convinced they are in the wrong of. 
For lince it is the Cuilom with them to pro- 
pofc the Matters Which they treat of, in the 
Form ofQucftions, this very doul)ting Man- 
ner of theirs fliows, that there is a perfecft 
Liberty of taking that Side which we think 
to be moft reafonable. In what Manner my 
good Intentions will be received Time will 
(bow. However, I am preparing a Latin 
Verfion for the Ufe of Foreigners, with 
whom I hope to meet with a favourable Re- 
ception. 


T H e 



THE 


CONTENTS 


O F 


PART I. 


CHAP. I, the Meaning of the mrd Pbyficks^ 
and the Manner of treating fucb a SubjeSln * 
2. An Examination of the Notions that pre-- 
cede the Study of Natural Pbilofophy. 

3. The Manner of applying Pbilofophy to particular 
Subje£ls. 

4. A Caution concerning fVbrds. 

5. The principal Axioms of Natural Pbilofophy, 

6. Of the Principles of Natural Things. 

7. Of Matter. 

8. Some Corollaries of the foregoing Notion, 
5. Of the Diviftbility of Matter. 

0. Of Motion and Reft. 

1. Of the Continuation and Ceffation of Motion. 

2 . Of fucb Motions as are commonly afcribed to the 
Fear of a Vacuum. ' 

3 . Of the Determination of Motion. 

4. Of the Compofifion of Motion^ and of its Deter-^ 
mination. , 

5. Of Reflexion and Refraction. 

6. Of bard Bodies put into Liquors. 

7. Of Accretion^ -Diminution^ and Alteration. 
}S.Of Forms. i. 

19. Of Elements according to the Opinion of the An- 
cients, 

20, Of the Elements of the Chymifts. 

21. 0/ 




The C O N T-B^l^T.S*« 

41* Of the Elements of naiurd ^vg^s. ^. 

22. Cy* /^ Fw^ -cf' a Hard and of -a Liquid J^o^^ 

or of Hardnefs and Uquidity. 
aj. Of Heat and' Cold. _ . . _ 

a4. Of taps.- \ . ' ^ .: ■ 

25. Cy Smells. . . * ' ,. . . 

16. Of Sound. , .-: 

^J. Of Light and Cdours^ and of tranf^of^m}^ 
s and Opakenefs. ' . , ^ , . .... 

a?. A Df/cr^ptian of the Eye. - ^ 

29* ^(ne; ^^<?» ij commonly explained. 
3Q. ^^*^ P#g-<? of the Light -through tht^Hii^^ 

mours of the J^ye. .. 
3.^. ff^t wf me^9 ^hen wef^y^ that the Images 
^ of the Obfeffs- are imprejfed upon the Organs ^ 

Sight. . ] 

32. Ho^ Vifion is performed. . . : 

3%. Of Dioptricks. .^ . 

34. Qf Looking^GlaJfes. 

35. -/f Solution of fome Problems concermg Vyion: 


PART II. 

1 . y^ F' the Meaning of the Word Cofmographyy^ 
\jj and the Ufefulnefs of the Science. 

2. General Obfervations. 

3. Conjeilures how to explain the apparent Motioni 
of the Stars. 

4; Of the principal Points^ Lines and Circles^ 
which are imagined to be upon the Superficies of 
tbefForld.. 

5. Of the chief Ufes of the Circles ^ of^ the Sphere (f 
thefVbrld. 

6. Obfervations about the Sun^s Motion. 

7. Conjectures how to explain the Phenomena of the 
Sun. 

8. Obfervations and ConjeBures about the fixed 

- Stars. 

c 9» Obferva* 


The C ON TENTS. 

9.. Obfervations about the Moon. 

to. ConjeHures whereby to explain the Pbanomtna 

of the Moon. 
II. 0/ Eclipfes. 
11. Of the true Bignefs of the Earthy Moon and 

Sun J and of their Diflance from each other. 

13. Of the Phenomena of Mercury and Venus. 

14. ConjeSufes for explaining the Phenomena of 
Mercury and Venus. 

I5« Of the Phenomena of Msirsy Jupiter, and Ssl- 

turn, 
J 6. ' ConjeSlufes whereby to explain the Phanom^noi 

cfM^rSj Jupiter, andSdXurh. 

An Explication of the PWnomena, upon Sup- 
pbfition that the Earth turns about its own Qn- 
ter in Twenty-four Hours, 
ly. j4 Caution about the Poles and the Circles. • 
jS. j4n Explication of the SfUifs Pbanomeha. 

19. An Explication of the apparent Motion of tbe^ 
'fixed Stars.' 

20. An Explication of the Motions of Mercury and 
Venus. 

21. An Explicaticm of the Motiop, of Mars, Jupi- 
ter, and Saturn. 

22, . An Explication of the Moorfs Motiqn^ 
13. Of the Syjlem ^ Tycho-Brahc. 
24. Refle£ltons upon the Hypotbefts of Ptolemy, 
Copernicus, and. Ty,cho. . ' 

^^. Of the Nature of the Stars. 
26, Of Comets. . 

±*/' Pf the lnp.mces'of the Stars^ and of judicial 
• Aftrolo^y. - •= * . 

28, Of Gravity and I^evity. 
^. Of the' Fluic and Reflux of the Sea. , ' ': 


♦ . r . 


PART 


The C Q N T E N TS. 

PAR T in. 

-* ■ * • 

.... t 

1. •X JF the Earth. 

2. KJ Of the 4ir. 

3. Qf Water. 

4. Of Salt. 

5. Of Mineral OiL 

6. Of Metals. 

7. Of Minerals. 

8. Qf the Load-Stone. • . ^ 

9. Of fuht err aneous Fires and Earthquakes. . 

JO. Of Fountains. ^^ 

11. Of Winds. 

12. Of Mifts and Clouds. 

13. Of Rain J Drizzle, Dew^ and Evening Dampsl 

14. Of Snow ^ Hail J and Hoar-Froft. 

15. Of Honey-Dew J extraordinary Rain^ and 

Manna, 

16. Of Thunder y Lightnings dnd Thunderbolts, 
ly. Of the Rain-how. 


P A R T IV. 

V 

1 . A*x F the Things contained in this Fourth Part. 

2. \Ji A general Befcription of the larger Parts 

' contained 'm a humane Body. } 

3. Of the Brainy Nerves y and 'Mifcles. 

4. Of the Heart: . '^ * "" 
g. Of the Veins and Arteries. 

6. Of the LaSleal and Lymphatick Feins, 

y. Of the Tongue and falivdl DuSls. 

8. Of the Lungs. 

9. Of the Liver. 

10. Of the Spleen. 

11. Of the Kidneys and Bladder. 

12. Ofthe^AioHon of the Blood. 


13- Of 


tha CONTENTS: 

1^, C^ the Pulfty or Beating of the Heart and 
Arteries. ■ 

14. fFbat Time the Blood circttlates in. 

15. Of natural Heat. 

16. Of Nourijhmettt and Growth, 

17. Of the Animal SpirUs, and of the MJBtioM ef 

the MufcUs. 

18. Of Rjefpration. 

19. Of Waking and Sleeping. 

zo. Of the Concoltion ef Meat. - 

21. Of the Motion of the Cbyk. 

22. How the Blood is made. 

23. Of the Excrements. ' 

24. Of Hurler and Tbirft. 

25. Of Sicknefs and Health. 

26. Of a Fever. 


R HA'Xrt T'f 
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OF 

Natural Philofophy. 

PARTI. 

C H A P L 

7be Meamtig of the Pf^ord Fhftcks^ and the Man^ 
ner of treating fuch a SuhjeSf, 

iH I S Word, Ph^cis, ftriftly fp«»king, »• ^ 
and according to the Etymology of it, fig- ^"^^/* 
nifies no more than Natural y out we here etjfifkt, 
ufe it to fignify the Knowledge of natural 
Things, that is, that Knowledge which 
leads us to the Reafons and Caulcs of eve- 
ry EfFcfl which Nature produces, 
a. But becaufe wc muft firil ftudy natural Phjiofophy, •• ^ * 
before we can be certain whether there be any fuch thing Jj^jt pi,. 
as Phjfieh or no ; I fhould not proceed in a proper Me- vimi 1^/. 
thod, if I fhould here undertake to refolve this Difficulty. "•^ 
Vol. I. B I flwU 


3 ROHAUL^s Srsrtu Partly 

I ibaU not theitfore at all infift on thls^ nor any otber 
Qucftions which are commonly call^ pnvims ones. IVe 
had better at fuft remain in u>me kiiul of Doubt abcwt 
thefe fort oi Queftions ; but fuch a Doubt only, as o^j^txt 
not in the leaft to hinder us from ufing our utmoA: £n-^ 
^yours to acqpure this Knowledge, and to obtain the £nd 
prppofed) without neglefting any Thing, that may ierye 
to illuftrate the Truth, and explain the £fieAs of Nature. 
3.n«rfAi 3. One Thing we ought particularly to take notice af^ 
^u^tti^^^^'^ that all Tt^ who apply themiUves to the 
msyhh^m. &tix^of^aHn:slPbiUjipfyy$K not Ferfons utterly iffio-^ 
tiouu rant ; for by their Conver&tioa with learned Men, hj 
reading of woks, by Experiments, and particular Obfer^ 

gtionr* thc;|r Minds^are filled with variety of Notions. 
It J)ecaufe, .perhaps, they have given too much Credit 
jto.tbe Jlepad3.of otbns, or perhaps have not throu^y 
examined what they have received by their own Senies^ 
or have impofed upon tbenifelves oy fidfe Reafoning; 
therefore we are not to think,^ that there is any great Ad- 
^ vantage to be had fron thatKnowled^ which is got by 
thefe M^ans : On the contrary ,^ it may be very injurious^ 
beca^i^ ti»e J^rroo imbibed in our tend^i^^ before we 
cbuid.make.a right ule of our Reafon, may caufe us ta 
&11 into ftill greater oiies. 
♦• ^^ 4, Wherefore if we would proceed regularly, we muft 
W«*! " fay-afide all our old f ig-udiccs, and lejea them as felTe ^ 
mint4. not that we are imsiedatehr to embiace the contrary O-^ 
pinions as tnie;,^ but only (0 to difpofe our Minds, as to 
give Credit only to thofe Things which we have throii^h* 
ty examined ; and Xp begin patuml Philofophy at the very 
Bcgihning^ But feeing this is a very difficult Task, and 
it is }urd to. bring our felvesito it, becaufe vre cafily per* 
fwade our felves, that amongfl the Errors that have pri* 
vately crept in, ^there -have been alfo a great iftany Tmths, , 
which ought by no means to be rgeAed^ we will there* 
forego in the common Method, and retaining as many 
of pur gntient Qpi^ip^ as we can, we will endeavour 
to |igl)ten ;tl]at Burden which cannot but be wry heayy^ 
And we muft be very unreafonabic indeed, if we will not 
review our old Notions, and fubmit them to a frdh Exsr*. 
.minatjon. 
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CHAP. U- 

An Examination (f the Notions that precede the 
Stttdy cf Natural Pbilojbphy, 

THE Notions which (Mfecede the Study of Natural t.7$* 
Phllofophy, may be reduced to two general Heads. "^1%^;/^ 
For <irft, we know that there are Things neiUy exiting in fipby map C 
the World 5 and from ^hence we think we know, at leaft dmpreheni^ 
m part, what they are. Thde two Confiderations are ^^^'*^ 
principally to he attsended to, that our propofed Escami- 
siation jnay be as univfer&l as poflible. Let us iirft fee 
what Motives there are to induce us to believe, that there 
are certain Things really exijting in the World ; and then 
let us fee what Reafon we have (o believe them ta h^fuch 
as we judge them to be. 

2. And to begih with etir own (elves ; we know by ex-^ s< Uvm w 
perience, that we are capable of diyerfe Thoughts j which ^* *> J^ 
cannot be in us, but they muft be perceived. The Idia 0/^ 14^ 
of Exigence is one of thefe Thmigbts ; and our natural Rea- exiftmt. 
fon teaches, iimt Nothing can have no Properties^ and that 

ixAat thinksy muft exift. Hence it is plain how We come 
by the Knowledge of our own Exiftence, For eveiy Man 
muft necefSvily reafon in this manner : / think ; that 
which thinks muft of neceflity exi/t ; therefore I exift. 

3. A Man who comes to the Knowljsdge of his Exift- 3.7Z>^ m 
ence in this manner, knows himfelf only to be fomething ?^'*^ " 
that exifts, the Idea of which does not exclude Extenfion j^^„^ ^^^, 
in it. It tis true, he msyr have an Idea of a Thing extended our Body, 
into Lengthy Breadth^ zanA Height \ but becaufe this Idea ffi^'^,^ 
does not at ^1 include Thought m it, the Thing that thinks j roaliTdi' 
and the Thing that is extended^ are to be looked upon as fiiaSIhini9» 
two Things really difierent from each other 5 and there is 

no Reafon hitherto for fuch a Perfon to think himfdf an 
extended Thing. And becade That which thirJ^Sj which 
is in us, which we know before aH other Things, which 
we imagine not to be extended, is what we call our Soul 
or Spirit J and That which we conceive to be extended in 
length. Breadth, and Height, and to which we imagine 
Thought does not belong, is what we call our Body ; it is 
^ident, that our Spttl or Spirit is known to us foonef than 
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4. that wi 4. As to thofe Bodies of which the World is compoied, 
i^'^^AjJi^/ {^^^^^ which our own is to be reckoned) it is certain 
Mixifiinet we Cannot know that they exift, but by the different Ways 
$/tb9fiBo' of Knowledge which are in us ; and in order to know if ^e 
fhlmJuh "*^^ ^^^^ ^ "8*^^ ^^^ ^^ them, we will here confider each 
tm^ftd, of tKcm diftiniMy, 

^L^ '** S- The different fFays of Knowledge that arc in usy 

i£jT!/ '^y ^^1 ^ reducjed to thefe Four : viz. Perception^ Jue^e^ 

kaoufh^ nunt^ Reafonj and Senfation^ 

that Mrtim 5^ gy Perception is meant fimple Apprehenfion, or the 

5. lybMt finiple Idea which we have of Things, without affirming 
tbtft Waji or denying any thing concerning them ; whether this Idea 
«/ ^08sp- xaifes any Ims^ in our Minds, and fo is called Imagina^ 

i^Wbat it ^ion^ ^^ mks no Image, and fo has only the g^eral Name 
mtant hy of Perception given to it. Thus when we her? the Word 

•TiiHTMa* ^^^^^ ^^^ ^^^^ which we then form in our Minds, is an 

r/0«. Imagination ; but when we fpeak of a Thing which can- 

not be reprefented by ai;y Image, as of Doubtfubtefi ; the 
Idea which we then have, is only fimple Perception, 
n.what it y ^ judgement is the joining or disjoining of two Things 

Vy^ement, ^7 ^^^ Mind, when, according to the different manner of 
its conceiving them, it affirms or denies the one or the o- 
ther. Thus when we fey, that the Earth is rounds we join 
togetjicr the two Things which we underibnd by the 
Words Earth and Roundnefs, and this is called Judgement : 
So alfo when we fay that the Earth is not round, that is, 
disjoin thofe Words ; this is alfo called Judgement. 
S. ffltat it S. Reafon is a Judgement that depends upon a former 

rw^r bf Judgement. For Example : After I have judged, that na 

'*/*•• even Number can he compounded of five odd Numbers^ and 

alfo, that the Number Twenty is an even Number ; and 

thence conclude, that the Number Twenty cannot be divided 

into five odd Numbers ; this is called, Reafoning. 

9 m)4t it 9- Senfation^ is Touching, Smelling, Tafling, Hearings 

tmant by and Seeing. 

^it'iut . ^^' ^^^^ }^ IS evident, that the bare Perception of aThing 
PintpiioM is not fufficient to convince us that the Thing itfelf exifb ; 
*^'"."*' for Inflance, becaufe I can conceive a Triangle, it does by 
^J^rlnuof^^ means from thence follow, that a Triangle exifis. 
tbt BxifttncM n . It is certain alfo, that o\xi Judgement alone is not fuf- 
'^InSv*'?* ^^'^'^^ ^^ convince us of the Exiftence of any Thing. For 
drnjud^l though we cannot help paffing our Judgement \i^oti many 
m^nt aknt Thiiigs \ for Inffance, That if two Things he equal to aThird, 

^^"L Tt'of ^*^ ^''^ ^^^' f ^ ^^^^^ ^'^^^> *^^^ ^f ^P^^^^ ^^ ^^^^d i^ Equalsj 
thiEHiftintt^^^i^^^^^'^i^il^e equal, &c. notwithftanding which, we 

ojibingt. do not certainly know> that any Things that are equal or 

ungual 
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unequal exift, and the Truth of our "Judgement agrees only 
to the Things that may poflibly exift. 

1 2. We may alfo reafon infinitely various ways ; and by "• J^^ 
this means all the Mathematical Truths are difcovered, M^Mtviuei 
which are (b difierent from one another, and from the ut that uwg 
Principles fiom which they are deduced : But becaufe the ^^1%^' 
Confequences have a ftrift Relation to the Antecedents, yj/^,, ^^ 
and can contain no more in them than they ; and we have 
already feen that our Judgement does not prove that any 

TTying exifts ; it follows, that our Reafoning proves no niiore 
than this, that Things without us may poflibly exift. 

13, However, (i) there iS6ne Exception to this Rule, »3»^*«*«- 
and that is, God : For whoever has the Idea o/Him^ may 'i^^f^ 
by Reafon b^aflured of his Exiftence, if he be confidered wd hj Rtsm 
as a Being every way perfefl, and if Exiftence be owned /^* 

to be a Perfeftion. But I fhall not here enter into the 
Particulars of this Demonftration j the Dignity of this 
SubjeA merits to be treated of particularly by it felf. 

14* But fince we are here fpeaking only of natural »4r^'«r 
Things, 2nd oar Perception, Judgement, ^ni Reafon ^ota^^iH^^ 
do not prove their Exiftence, we muft certainly have re- ^afSenfig 19 
courfe to our Sen/es before we can judge that they exift, ^T^Jl'^'* 
And we cannot know whether our Sen/es do fuificiently JitMmtmt 
prove this, nor in what manner they prove it, unlets we «r^« 
xirft define what we mean by Senfation. 

15. Long Cuftom makes us many times reafon with (b i^. f A«jf^ 
much eafe and readinefs, that very often, Reafon aiU Sen- nkiuit^^lim 

fatm go together, when we think that Senfation <Jnly fa^]J^« 
concerned : Wherefore that we may not confound the one /«f mi u* ' 
with the other, and fo be led into Error, let us examine 
this Matter in other Perfons. Let us fuppole a Man juft 
bom, and that he was in an extraordinary manner endued' 
with the Judgement and Prudence of a grown Perfon ; and, 
that we may examine only one Senfe at a tiihe, let us fup- 
pofe that his Eyes are not yet open, and, th^t he is put 
into a Place, where there is no kind of Smell or Noife. 

16. Now in order to find out what the Senfe of Feeling ,5^ ^, gjg, 
is 5 let this Man's Arm be prick'd with a Needle. It is ^^ff »• « 
manifeft, that he will feel the fame fort of Pain that we ^^^\ 
feel, when at any time we are pricked with a Needle, 
becaufe we fuppofe him to be fuch a fort of a Man as we 


( r) Thert it mm Btetepthn,) How 
the Uta 0/ God provet hit Eiift* 
cace* Seoi Csrtif, Printif- Part f • 
jtrtk. 14. and RigU Mumfbff, 


b too nict and fobUo an Argument \ 
tbatdnwn from th« Vfttiet]r> Beau- 
ty, Order, and Difpofition of tht 
Creation, does modi more AUijr and 
ftroogiy infer n GU% 


B3 


are: 


6, ROUAULTi Sy8tei« ParcL 

a^e : Now abftraSedty from any Judgement or Reafoniiigy 
it is Evident, that Senfation in this Man is nothing, elie, 
• but the being ai&fled with a obtain Pain« which belongs 
to himfelf onIy< So that if any Perfen were (o weak a» 
. to believe, that alike Pain was in theNeedlet we fhould' 
certainly know for all that, that it was not the very Pain 
which the Man by Senfation felt* 
tf.rbatvfe ' 17. Let us make fome Refleflion hcie : In the SenJbtUn 
pricking, now mentioned, there are four Things obfervable : Firft, 
and nothing A Man Capable of Senfation : Secondly, A Needle^ or the 
*?"'• Objeft that raifes the Senfation : Thirdly, Tie A^fion of a 

Needle upon the Body, in which it produces fome Change: 
Laftly, The Effe£f of the y/^ion of the Needle, and of the 
Pajfton of the Body y namely, the Prickings cr tkt Pain. 
Now fmce 'tis this Laft only that is known, we m\A con*- 
clude, that this Senfation not being attended with any 
Judgement or Reafon, is nothing elfe but a confufedPer^ 
ception arifing from the new State of the Mind, which does 
not any way make known to us this new State, nor the 
external Objed which caufes it, and is the Occafion of the 
Senfation. 
i%M Thip i8» From what has been faid of that P^m which is cau« 

feaS^Mt *^ y ^ Needle^ it is eafy to apprehend the fame thing of 
what thf the other Sort of Senfations, fuch 2& Feelings Tajiingy and 
Snfationt of Smelling. For fuppofe the naked Arm of the foreoien- 
T^mg an4 *i^«^ Perfon to be lightly touched with a Feathtr^ or 
SmeUing Sinj Other foft Thing } fuppofe a red-hot Coal^ or a Piece of 
tf'*'* Ice to be laid on any Part of his Body ; fuppofe a Drop of 

Wine poured on hisT,ongue,, or a Rofe^ os any other Jiveet-' 
fmeiling Thing put to him \ we can eaiily underfknd, that 
the Tickling^ the He^t^ the Cold^ the Taftty and tbeSmtU^ 
whiclvthis Man. perceives, are all within him(elf> and be- 
long to him in the fame manner as the Pain did. 
19. Ariftotle 19. And fince there is no Reaibn why we (hould think 
bad good difierently of the Senfations of Hearing and Seeing than of 
affihH, 'that ^p others, we may look upon it as certain, that Smmd^ and 
Setijation Ligbty and Cohmrsy are a^ much in us as Pain •r TickUng. 
w^/f^"* Wherefore wb may fay . witb^rj/?flr/f, ( i ) that all SmfotioH 
fame. ' ^^ ^ ^i^ ^fP^Jp^'^ and whcn we have any Sen£ition^ what* 
ever fort it be, we. know very well wlnt theObje<5is raifc 
in us> but wip don't know what they are in themielves. 

(x) Artfiot. de Aniqui. dtb. II* Jum* to be fem Cisnge m* AketM' 

cap. 5' Senfatkn conjfti in being fnt . tiem mofU in ut^ aod agjiifij.ch9p. X i« 

tntQ Motion y and i% a fort of Faji^n^ Senfation it a fori ^ FeJfton» 
M %tfa$ faid before | Jir tbtre 

20. But 
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20. But this is not the general Opinion of M^ankind^ %o.A/ma* 
who, on the contrary, arc apt to think, that the Soujid^^ '^'^ 
which they hear, is in the jffV, or in the72»»^£i»; A^ as 

they caH it ; fo alfo that the Light and C^rs which they 
fee, are in the flame or the Tapeftry which thffjr.look up- . 
on; and the Reafon of it is this, bediufe we do not ie^^ 
(i) Somdy and Ught^ and Colours within our fek«s, as 
we do Pain and TicUir^^ but aicribe them to external ' 
Things; and beiides, the C«&iurj which we fee, oftentim^ 
ieem to be much bigger than our lelves. 

21. But to fliow that tkefe Reafons axe not of 2Xtf tt. n#4Mi* 
Weight, we need only confider, that very often we ba^e "J^^J^^ 
a Perception of a Multitude of Thij^ which we think ^2^ jJJ^L 
are without us, and are a great deal bigger thin our ietves^ nmnitu 
when at the iame time there really is nothiagwithiaut us^ 

that is the Caufe of that Perception. 

22. Firft^ In Dreams we very often hear Sounds, and •»•,!• Sif 
fee Colours, in the fame manner as if we were awake, a4(l f*^*"^* 
we afcribe thofe Sounds and Colours to external Ol^efib; 

and we imagine thofe Odours to be much laigeir tbm our 
fehres ; though there is indeed nothing without us^ ;t» 
which they can truly be afcribed. 

23. Secondly^ Perfons in a Phrenfie, or ia a vibleot f].ii.jff«. 
Fever, fee 2K0 Things without them, which «eafly ais>'*«^* 
notfo, 

24. ThhrM^y We often hear a Ranging in our £tfr%|or i ^ "^ ^*^ 
certain Sound whidi we judge to 1^ at a gitat difcuiipc^ ^^**^^' 
when the Cauie of it is very near u& 

25. Fturthify ACemdle^ or anyotfaerlbvAO^CfJl^ at«5«.^»^«- 
a Ktde diftance, appears dc»iUe to a Perfon in Dnnk ^^ or 1^*"^* 
if we prefs the Comer of our Eye with our Firaer^io 

that there will then appear to be twoObjcAs^ .when vine 
certainly know, that there teally is ^ut one. 


(f) Smdf ani IJgi^^ «inlCt. 
JoKs, iec*^ In oriiT to wBmukt fat 
^tt Picjadicssy «« iMay <Mtrrt» 
i« That Mn iii4 Tlcklifig do mudi 
ttDre llronglf afisft nt, iai mttkM a 
ficater Cluiace in <)us Stitc of dbe 
Mi^> than Sotto4» aoi Li^ aoA 
CDlnm i & that" tiiqr in Ibooor 
«o< more eafi^ taken —tira o^ mi 
faugintod to teUn^ <f «•» aoi to 
ke in ui« «. WImb Somii, and 
Lif^>'aDd'Cot<nir«9 ar« at firft per« 
cdvfli, tkutt is aluafk fiNMthfaig 
hcfiMc U9i and that aAt nf^ im» 
•ai to f^hidi we alcflbc Aon « Bot 


Fainlnid'Tldelloi (^tea atiie froi^ 
aalariAfe AlteiakMn of the finaH 
Paiticfei of the Body, thatii» froiA 
a Cauie at 4bft nakaowa fo oa s 
Therd^ we are t loog whale niei 
tole«k^paathc6 aa teieHibg Ih 
ot|.titl^e^arfe8nleheftfl|KChittg 
withont vf» to which they m^ be 
aftrihed $ aad, afterwardi, when we 
4o foiafcdeMi e^^mnea, that^ey 
preeeed ftoai varieoa tjEt«vaalThin|i^- 
we are fiill apt to thialt* that thqr 
areaot In thoiie eztetaH Thin^,hat 
In oor §dwkt ktusOk Hire haire lieca 
afed to think ^ 
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ft6.v. Sx* a6. J^tbfy^ If in the Dark wc wink with our Eyes up-» 

pirimm. ^^ ihe/iam^ of a Candle at a little diftance, wc ihall ima- 
gine, that We fee Rays of Light, which feem to ftieam 
froth the Flame upwards and downwards iii the Air ; and 
yet the)^ is no doubt, but that thofe Rays arlfe from the 
Den&tion of him that perceives them, ^nd that out of 
him they ait nothing i if We confider, that other Perfons 
W!ho look upon the Candle ^t the (ame time, do not fee 
theih^^ ahd the Perfon himfelf who fees them when he 
winks;' ceafes to fee them th^ Moment that he opens his 
Eyes, .and looks more' intently* 
iTf. Tb»* • 27* We fliall be more fully (atisfiedj that thefe Rays are 
u Smi^^^ . Xidt in the Place that we imagine them to be, by tlus 
/!nr^M £i. C6nfidemidn ; If they were there, it would follow, that 
firimutt, Upon' putting a dark Body between the Eye and the Place 
whejre'thcy appear to be, they muft immediatdy vanifh 9 
but they do npt vanifh, 1)ut on the contrary are feen ftill, 
' Oi^ljr a httle nearer, viz. between the Eye and the dark Bo- 
dy that {nterpofes. But that which is moft obfervable in 
this feiperiment, is, that if thfe dark Body be raifed by little 
and little, as if the lower Rays were intended wholly to be 
hitidch'by its Intefpofitioh, they will be ftill feen, when 
the upper ones wholly difappear ; which could riot be, if the 
Riys W|ere really in the Placje which they fecm to be in. 
4«.V1.5ir. '-^^'^txfhfyj We fee the' Colours through a triangular 
fnmtHt* Glafs Prifm, very bright, and exaftly like the Colours in 
ttk Rainbow; thefe we certainly know are not where 
tlityippeafrto be. " 

ft9«VlT.£«* 29. Qf this kind are the Experiments of Loiiing-'Glaf- 
ferimcnt, pttLYfi Muttiplytng-'GlaJfesy which reprefcnt ObjeAs to us, 
wh^re we are fure they are not. 
%o. yiii. 30* 'We muft not here omit' an Experiment of thofe 
Bis^rinuat, pCTfoiis who hav'e loft any of their Limbs, an Arm, or 
a Leg, who, many Months, and fometim^ many Years 
after they are cured, feel frequent Prickings^, and other 
Senfations, which they cannot help judging to be with- 
out them, viz.' m thofe Places where their Fingers or 
Toes would have beeri» if thev .had not beqa cut oflF. 
This Judgement is evidently a Miftake^ it ^ng certain, 
that thig Senfation is within thcmfelves, and not .where 
they take it to be. . '. , .\ ,'.. ,; > 

it.ADi/' 31. This Experiment^- together with all the foregoing 
Jitakyybich oftes^ plainly (how, that we have within our felves the 
ri/"#iU^ Senfations of many Thingjj, which we. cannot help think- 
c«/?^w of ing are without us, though they really are not ; and were 
&fMng. It iiQt for the common Way of Speaking^ which is the 

ufual 
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ufual Reafon given, iwiaught wholly to lay afidc that vtil- 
gar Notion, which we l»vc entertained in our Minds 
from our Infancy, *oi%. that thty an without us. For 
(may any one fay) as he who touches a Stick, has reafon 
to believe, that the Stick is fomethihg without him that 
touches it ; fo when any one fays, tteit he fees a Colour, 
he has tLesSon to fay,- that the Colour which he fees, b 
fomething different from him that fees it, and belongs to 
theObjea. 

32. But it is eafy to get deai* of this Difficulty, if we it^^thtmu 
obferve, that all Languages do not afford equal Flcnty ofT^H'^^. 
Words upon every Subjeifl. Thus for Example, in the piainO. 
Latin TojD^e, the Word Jmmal is uled to exprefs the 
Kind, under which the whde Species of Animals is con* 
tained ; the Words Man and' Hwfey are ufed to fignify 
thofe Species ; and the Words Peter and Paul^ Bucephalus 
and Bayard^ to fignify the Individuals of t}K>fe Species : 
But the (^(e is different in the prefent SubjeA ; we ufe 
indeed in our Langus^ the Word Senfatim^ by which we 
underfiand, in genend, every Perception which we have 
by the means of Bodies ; we have alfo the Words Feelings 
TaJIingy Smelling^ and Hearings to fignif|r the particular 
Species of thofe Seniations ; but if we would deicend to 
any thing flill more particular ; we then want Words, and 
arc forced to make ufe of a general Name, with which 
we only join fome other Word, to determine its Signifi- 
cation : Whence it follows, that when we fay, for Ex- 
ample, that we /eel the Heaty or that we fee the Colour ^ if 
we forbear Heafoning about them, and attend only to the 
bareSenfation ; the Feeling ought no otherwife to be di- 
flinguifhed from the Heat^ nor the Seeing from the Co- 
lour, than in any Species, (i)the Genus is diilinguifhed 
from the Difference : For the Colour and the Heat are 
Senfations which belong to our own felves only, and are 
nothing more than our own Perceptions. 


(i) Ibe Genus it diftintBiJbfdf&c,) 
The Author's .Meaning is thliy that 
many People are led into Errdr, by 
the Forms of fpeaJdog ) at when by 
feafon of the Fewnefs of Words, our 
MeaaiBg cannot be exprefled but by 
more Words than one $ thos when 
wefiyy tkat' 9§ fei Ribnfs, ot fitl 
Heat ; fhey lb tfoderftaod it, as if by 
one of thefe Words we intended to 
figaMy the Senfiition it feJf, and by 
the other to fignify ibmething with-' 
Out vt, which is the Ciufe of that 
Scafitioa. Now if what wt aU/i#. 


ittg Redaift, woAfielifig ttgat conid 
be expreifed by one word, at Pain, 
which is the fame Thing as feeling 
Pai», or TiekUngj which it the 
fame m feeling TtekUmg, are expref. 
fed by one Word : we ihoold eafity' 
apprehend, that the Redaeft which 
wt perpe!?e by our Sight,- and thd 
Heat which we perceive by our Feel* 
ingy are no more without QS,.than 
the Pain which we feel when oar 
Arm it pricked with a Needle) or 
the Ticklings when it It touched 
lightly with a Feather. 

33. Though 
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33.7%«Cm' 33. Though I hare been ubeaify too long in lIiOMring^ 
{mTJZ!;^' that wAtff Wf/«rtfm;//»if^/^&;^Af, is vAoOyanMn miK 
Sight and fslvis ; I wodd yet make appeal^ the entire Confermity 
S^ttihg^ there is betwixt Seeing and FeeUng* Let us oonfider then^ 
that when an ObgeAof Feeling aiFeAs the Body but light- 
ly, it raifes in us indeed a real Senfitfion, but it b lb inreak! 
an one, that it is gene as foon at the Objeft oeafes to 
touch the Organ of Senfation ; {o Jiloswife, if theObjedl 
of Sight be weak, it is no Iboner removed from our ^yes, 
but we ceaie to fee it. And aA an Oljed of FeeKng^ 
which ftrikes us with a greater Fofoe, excites a Sen&« 
tion, Ivhich remains after it is iepanted from theOrgan : 
in the fame msmner aUb, a very ftrong ObjeA of Sights 
raifes a bright Sen&tion, which condnues for fometime, 
though we do not look upon itj but turn our Head ano- 
ther way. Thus if any one looks frill upon the Sun, and 
immediately gbes into a daxk^ha^, he will fee the Sun 
there, and ibmeSparklingsof it. 
%i^,rhaiwt 34- From what has been faid concerning our Senfer^ 
kBve made and the Manmr rf£enfatim^ it is^vident, that they make 
vfiofftvtrai ]mQ,j(rn to US Only what isia us, and belongs to us; it is 
Knowledge ^foas certam, that they are not alone fufficient to prove 
in ordtr t% b$ to US, that any Thing at all exiite without us which docs 
STtwi not belong to us ; and this having been already (hown of 
txiftwithQut ivery particuiar Mumsof Knowkdg4j we muft necefBiriiy 
«»• conclude, that we have made ufe o{fever4il ^fthofe Meant 

in order to be convinced that Things do exift without 
us. 
35.T&«Af*. 35. The Method we feem to have proceeded in, is this. 
tbodvfbicb Firil, Seniktion : Next, we obferre. That this Senfa* 
we procud tion is (ometimes in our own Pbwer, and fometimes not : 
Whence we infer, that we our felves are not. the fole 
Caufe of our own Sen&tions ; that we contribute fomething 
towards them, but not fo much, but that we depend alfo 
upon fome other Caufe ; and fo we fo^n to fee, that we 
do not exift alone, but that ( i ) there are many other Be- 
ings exifting-together with us in the World. 
. 5§. TbiEx' 36. Whoever acknowledges this Truth, muft confbfs,' 
'4bTnW{og* that he has been in an Error fo long as bethought that thfe 
Kizahte by Exiftcncc of Things without him wa:s proved by hisSen- 

ttr Senfes, 

it madt (I.) There art maty other Hiingt, ter Truth, We mtfft scqprftlbe ia 

known to ai &c.) Bat eveji tkit rfocn not feem thisj That God hw^iiot %r«ieBd-tti 

principally fufiiclently to demonftrtte^ that cor - Ilk foch a VMoaiv tte-etciy |lid|c 

ly Reafon- poreal Things extft: and iodctd-ic meat which we-aak«-«f Tkiiig^- 

tng, does not feem capable of a ttn£i De^ exiftiflg .without ui,-lheirtd 4e in- 

monjhation. See MathrUntb, jitinot* . evitably falfe. See C«^^<'Priw^« - 

Chip 10^ B9ok l« efjbit Stanh ajn J^atf lli'ArM*\4 
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<tt; for aUthiit theft call do^ body to be the Occafioa of 
knowing them $ and it is cUefly mw Reafeoing that we 
aie afiuml of their Exiftence* 

37. In the feme manner as WBCondudefiiun one fin- 37* fl^m 
gle Senfation, that one Thing exifb; wccondude alfo*^'^ 
from different Sort! of Sonlatioosy that there w difieient^^^^. 
Things exiftii^;,« all which, beouift we imfl^;ine them to o/^M/ict 
be extended in Leng^ Breadth^ and Thickne6» we^'"^^* 
call B&Jiis. 

38^ Amongft tb^ Bodies, theteis one which we con- 3S.flbv«» 
iider difiesren^ fivnn the reft, and aie obliged, in a fpe* ^?^^ 
cial manner, to lookupcm as our own; not mly beeaufe it S^i^ 
i$ dways prefent with us, but alib^ be»iie, when any iod^ in 
Alteration is made in it by other Things, it caules oertainif^^*^* 
Sen(ations in us j and on the other han^ oertain Thoi^hts 
in us, produce cettain Alterations in that* Thus if I wiO 
tamove my Anti^ it is pre&ntlv moved; bat if I will 
to move anodw Body, that will not be put into motion 
by my Will alone. 

39, We may fiuther obferve, that after the foregoing )9'^<^m 
Reflexions have convinced u» thatour Body is oompo- ^J^/^ 
fed of many diftrent Parts, fitoe of which iue the Or- snstmmy 
gUm of Sen^tidii ; the di&pstit Sen&tioas we have, are ^'m* •»- 
no longer acertain Proof of the Exiflanoe of a Number '^["i^^^' 
of Tl»^ without. us: ForthereisjuftReafim-tofufpeft, «wAm 
that the fiune Obieft may raifediffbient Senfiitions in usj^if^ 
«b^ afling upon dilSnent OfX'"'' f and theiefoie thou^ the '^''^' 
Fire by afieAing our Eves whoi it is at ag)teat di£buice, 

raifes the Seniation of Light } and when it is near, laifes 
the Senfation cl Heat by affiading our Hands $ yet we 
cannot fiom hence cptkA the Exiflence of more than 
oneOljeft. 

40. There is another Miflafcejeonlirary to thi% which 40. ^Pr«. 
itiseafy toBdl-into, and therefore ought to be avoided. ^«*'<m« '» 
For, does it not km reafonahle to d^tmine with AiTu- ^^I'fj^ 
ranee the Exiftence of many Things, without any dan- Nmmier 0/ 
ger of beii^ deceived, if in making uft of but one Senfe, ^»£«* 
and employing it in but one manner only, it reprefents to 

us many Objefis at the iame time? Now that we may 
not be dsceivcd here alfo, we ought to confider the Me- 
dium through which the Action of the ObjeA is tranf- 


mitted| for Example, a multipfying Glaji makes us fee 

uv 


many ObjeAi at once, when there is only one that really 
affiAs our Eyes i which fliows, that here alfo we may be 
deceived. 

41. Thifc 
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4.i.rbeSig' ^i. Thefe two Obfervations teach us, that we oug^ht 
%%*^{ not to judge raflily, nor at iirft Sight, that a Number of 
^hith m Things exift : However, after having taken all the Precau- 
givtiomigj^ tions tequifite, when we are once plainly and fiilly con- 
ntngu vinced of their Exigence, by means of the difierent Sen-^ 
fations which thev raife in us \ we cannot help arguing from 
the AA to the Power, as Phitofophers €a)l it, which is 
very natural to all Perfons ; and thenee concluding, that 
thofe Things have within them a Power to afie£t our 
Senfes $ And' hence it is^ that we give Names to thofe 
Things, fignifyingdich different Poweis. Thus a Bodjr 
which raifes Heatin us, we call a hot Bod]r; and the bare 
Power of raifing this Senfiition in us^ we call the Heat of 
this Body, 
4t.A]iftf. 42. Whence it is (dain, that they are deceived, who, 
tskt about before they have itedied Philofophy, underftand thefe 

r-JrSv ^"^^ '^ *^^^^' Seafe than was faid before; for ex- 
W^erdu ample, who, when we 'mention the Heat of the Fire, 
imagine prdently that there is fomething, I know not 
what, in the Fite, like that Heat whidi the Fire raifes in 
us ; for the giving of a mere^Name only to a Thing un« 
known, docs not at aft make that Tkmg known to us. 
^'i. Amber 43, They alfo decdve themfelves as fodifbly, though 
Mifiakt. t^ appearance, they are more acute, who, in order to 
prove that there is in the Fire fomething, I know not 
what, like that Heat which it excites in' us, bid us go 
near it and try : Now, though we go near it a thoufand 
times, nay, though we ap fcorched by it, all that this 
demonftrates, -is mly what the Fire does to us, and not 
what it is in itfelf. When we fpeak ^therefore of the 
Hiat^ otColdy or Smells j ot Sounds^' cftlAgbt^ or C^lmrs 
of Bodies, to fay, that they are really Things which are 
properly ObjeAs of our Senfes, is a great Miftake. For 
he who fays this, muft imagine, that we come to the 
Knowledge of them by bare Senfatbn only, which is ab« 
folutcly falfe. 


CHAP. 
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CHAP. III. 

^e Manner nf a^lying^ Pbilofipiy to particular 

Supjelts. 

THE Obfcrvation, which we have naw made, is of t.fKimufi 
fo great Importance^ that it alone ihews us the true ''-^^^fj** 
Method of Philofophy on particular Subjeds: For from p^/^t^^j. 
hence we learn, that, in order to find out what the Nature 
of any thing is, wq are to fearch for fome one Particular 
in it, that will account for all the Efiefis which Experi- 
ence (hows us, it is capable of producing... Thus, if we 
would know what the Heat of the Fire is, we muft en- 
deavour to find out fome .particular Thing, by means of 
which, it is capable of producing in us that Sort of Tick- 
ling, or plea&nt agreeable Heat which we feel at a littte 
diflance from it ; and that Sort of Pain, or fcorching Heat, 
which we feel when we approach too near it ; and the 
feme thing muft alfo explain to us, how the Fiie comes 
tprarify fome bodies, and to harden others, and to diflolve 
others: In a word, it muft explain all the Efibfls that Fiie 
produces. And in order to this, we are principally to 
guard againft any Prejudices we may have entertained con- 
cerning it ; and not mimediately to imagine, that there jis 
in the Fire the fame kind of Heat, whether pleafant or 
fcorching, which we feel, when at a diftance, or near to it. 
For indeed, there is no more reaibn to attribute fuch fort 
of Heat to the Fire, than there is to afcribe the £ime 
fort of pain to the Needle, which we feel when we are 
pricked by it ; and as he would without all doubt be de- 
ceived, who ftiould afcribe the fame Pain that we feel to 
(he Needle ; and would after this, labour to no purpofe, 
in trying to find out the nature of it ; fo likewife would 
it be in vain, after having afcribed to the Fire that fort 
of Heat which we ourfelves feel upon that occafion, to 
attempt philofophically to explain the Nature of Fire ; 
for nothing folid can be built upon fo bad a Foundation, 
nothing but Conjectures and Chimera's. 

a. What is now iaid of Heat,^ may be applied to all »• *^«« «» 
other Things : And by this Rule, every Thing hereafter is ^J^j]fl',%^ 
to be examined. If that which we fix upon to explain imuedy ami 
the particular Nature of any l^hing, do not account clear- «'**« '^* 
\y and plainly for every Property of that Thing, or if it 
09^id^47 contradided by any one Experiment ^ then 

we 
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we are to look upon our ConjeQun as faUe; butif itper- 
feAly agrees with^ the Properties of the Thing, then 
we mav efleem it well grounded, and it maj pals for ve- 
ry piooahle. 
3* ^« "M^ 3- Thus we muft content our fdves for the moft port, 
^rt^Tm" *^ ^^^ ^* ^^ Things may be; without pretending to 
tMt with ' come to a certain Knowledge and Determination of what 
FrvMiHif. they really are; for there may poffibly be difierent Caufes 
oqpable of producing the fimie Elbft, whicfa we have no 
Means of exfdaining. 
ci^!ff^^ 4. Now as he that imdeitsdoes to decypher a Letter^ 
flitff 6i ai" finds out an Ahfh2bet fo much the more probable, as it 
'«w«r *'«y anfwers to the Words with the feweft Suppositions ; fe 
^ we mayaffinn of that Goiijefhire concerning the Nature 

of any 1 hing, that it is the more probd>}e, by how much 
the more fimple it is, by how much the fewer Properties, 
were had in view, and by how much the more Properties, 
diflferent fmn each odier, can be explained by it. Thus^ 
for example ; if having taken notice only of four Pro<? 
perties of a Thing, we form fuch a notion of it, that the 
Omjefture we make to explain them, will hold as ftrong 
for twenty Properties ^tch we find to be in it ; it is cer- 
tain, that theie are fo many f roofs that our ConjeAui;e 
is very good. 
<. jrb€u a 5. And indeed there may be fo many, and fo venr dtf- 
M'ai'^'a " *^"^ Properties in the feme Thing, that we fhall ftnd it 
%aiiowd ^^£y difficult to believe, that they can be explained two 
far a Truth, different ways. In whidi Cafe, our Conjedhire is not 
only to be looked upon as highly prohaUe, but we hav« 
Reafon to believe it to be the very Truth. 
6frt»Mght 6. Laftly, To prevent any Scruples that may afterwards 
;';y,*;/^* arife, we muft eonfider, that, if our ConWhire be othcf- 
tf CofjeBure Wife vrell grounded, it does not lofe its Probability, be- 
tbae iivfeii caufe wc Cannot upon the Spot explain by it a Property, 
''^*** which appears from fome new Experiment, or which we 

^\d not before think of : For it is one thing to know cer- 
tainly, that a Conjcfture is contrary to Experience ; and . 
another thing, not to fee how it agrees to it ; for though 
we do not at all fee the Agreement, it does not from thence 
follow, that it is repugnant. And it may be, though we 
don't fee it to Day, we may fee it to Morrow ; or others^ 
who can fee further than we, may at one time or other dif- 
* ^^^' "• cover it. Thus, as v^ fhall fee ♦ s^nvards, Telefcopcs 
jtrfti t!* which were not in ufe till our Dap, have confirmed the 
Hypothefisof C^^rw/raj, concerningtheMotim of Venus and ^ 
Mercury^ which feemed not very well to agree with the 
different Magnitude of Venus at different time^ # CHAP. 
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C H A P. IV. 

A Vautm concemng Words. 

SI N C,E we are accuftomed to conneft our Thoughts »• ^^' «* 
with Qur Words, and oftentimes attend more to the ^^ '• 
Words than to the Things fignified by them ; that we H^^rdi^ 
may not for the future be fed into Miftake by Words, we w^/<Ajfc«j- 
IhaU not make ufe of any here, nor have r^rd to any, JJ^^wi;' 
.whofe Meaning we do not dearly underftand. Where- 
fore in this Treatiie we ihall wholly negleft fuch fpecious 
Words as Antiperiftafis^ Sympathy^ Antipathy y a Defire of 
Utttorty Contrariety y and the like. And as we do not ui^ 
them our felves, fo wefhalf have no regard to them from 
others, unleis they tell us, very clearly and diftindly, what 
they mean by them, and how vre are to underftand them. 
Left therefore vre (hould iall into that Fault which we 
.condemn in others, we (hall here define the Temu of Arty 
which, after the Example of moft Philofoj^ers, we (hall 
make ufe of. 

2. The Word Being fignifies only that which is or %,math 
exi/fs i for that which does not exift, is indeed nothing. ««»' ^ « 
For if any Thing be to exift next Year, we may aJErm, "*^' 
that at prefent it b nothing, and it is oiUy the Idea which 

we have of it, that is any Thing. 

3. We underfbuid by Subftance here a Thing which we j. j§qi,^t h 
conceive to fubfift of it felf, independent of any other «**«' 4j^ 
created Thing : Thus a Piece of Wax is a Subftance, be- ^«V««f '• 
cauie we conceive it to .fub(iit of itfelf, independent of 

any other created Thing. 

4* Obferve here, that I don't fay abfolutdy, that a Sub- ^ ^^ ^ 
fiance is a Thing which fuhlifls of it ielf ^ but that it Is (mgbt i» 
a Thing which we conceive to fubfift of it felf, which I fay jH?' ^f 
on purpofe to make this Definition of uie. For though eorj^f;^ /»* 
I know very well, that our Conceptions or Imaginations our idtoM 
hy no Neccflity upon the Things tbemfehesj yet they are */ '^*^ 
iieceflary towards our jud^ng of them, became we know 
things from our l^dea's only, and we ought always to 
judge according to our Thoughts. . 

5. We call that a Modcj or Manner of Exiftingj or an 5« ^^«' « 
Accidenty which we conceive neceflarily to depend upon ^^J^f 
Ibme Subftance. Thu% becaufe we cannot po£&bly con- 
ceive thp Ramdnefs of a Globule of Wax to fubfift with- 
out 
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out the Wax, therefore we call it a Muli or Manrur of 

exijiingy or an Accident. 
6. TAtff a 6. From whence it follows, that a M9de^ or an Acci^ 
^an»f!^ </^/, cannot be transferred from that Subflancc which is 
rtdfrni^nt the Subjeft of it, to any other Subflanoe j for if it could, 
Su^eff t9 * it would not then have depended entirely upon the firft 
mnotbir. Subftance when it was in it, which is abfurd. 

f.ivbath 7- ^X ^^'^^^^^ ^««% we mean that, by which a 
want by ' Thing is denominatedy«f;& ; Thus that in tte Fire, what- 
aSiMoiiej, ^^r it bc, which has a Power to raife the Scnfatioii of 
Heat in us, we call a Quality of the Fire, becaufe it is 
from this that the Fire is laid to be hot. 
t.ihatthe 8. Thit which is to be feared here, and which hath 
ht^t^t made fome over-fcrupulous Perfons wifh that this Word 
adetirmi- Were never ufed, but wholly fuppreffed, is, that fome Men 
0ate Signifi.f ooliColy think, that they are very knowing, if they can 
'^t^" but apply this Word, and fome other of the Uke Sort, to 
ttfejul* exprefs a Thing which they do not at all underftand. 
However, I cannot agree to them, but think it fufficient, 
if we do not ufe it in a bad Scnfe. For it feems to me 
(as it did formerly to Jri/iotle) to be very properly ufed 
for that in genenJ, whatever it be, which we conceive 
to belong to a Subjed, and on the account of which, we 
give a particular Name to it. Thus, untill we clearly and 
diftinftly underftand what the Heat of the Fire is,, we 
may call ft a Quality of the Fire. 
9. ^^at is 9. The Words Fertue or Faculty^ in any Subje6l, figni- 
•Jf"'^'** fy in general, the Power which a Thing has to produce 
Z^t ul' ^^^^ EfFea in another Thing. Thus what we juft now 
euity. called a ^ality, upon this Account, that the Fire is from 
thence denominated hot ; may alfo be called a f^ertue of 
the Fire, if we confider, that it is from this, though we 
' know not what it is, that the Fire can heat any Thing. 
to. PP^ai 10. The EJfence of a Thing, is that which it jprindh 

*%fa^bin P^'^ *^> ^^ ^^^ which conftitutes the Nature of it,, and 
y * "^ by which it is what it is: Thus the £|^w^ of a right* 
lined Triangle confifts in this, that it is a Figure termi- 
nated bv three right Lines. From whence it is evident^ 
that allowing the EJfence of a Thing, is allowing the 
Thing itfelfj and on the contrary, taking away the Efc 
fence, is taking away the Thing it felf. 
11. Whai 1 1. We call that an ejfential Property of a Thingf vrUch 
iktejfemgi ^^g conccivc fo to belong to the Thing, that it is the 
a^ingiu neceflary Confequence of its Effence : Thus, that any two 
^ Sides together, are longer than the Third ; and that the 

three Angles are equal to two right ones, are Properties 

that 
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that belong to the Eflence of a Triangle j becaufe thefe 
fo belong to it, that they arc a neceflary ponfequence of 
a Figure's bepg terminated by three right Lines. So like- 
ivife it is the effential Property of a right-angled Triangle, 
to have the Square of the Side oppofed to the right Angle, 
equal to the Squares of the two other Sides -y becauf^ this 
io belongs to this Sort of Triangle, that it neceffarily fol- 
lows from its being right-wangled* 

12. We call tikt an accUmtal Property of a Things or 12. ^^^ 
in general an Accident ^ which we do not think- neceffary ^f/p^^f'** 
to it J or which fo belongs to it, that it might have been e/ a Tbi/ig 
without it, and yet not ceafed to have been what it was : '*• 
Thus the Blacknefs in a Triangle is an Accident^ becaufe 

this Colour is not neceflary to a Triangle ; and it may 
be not Black without ceafmg to be a Triangle. 

13. The Produftion of Something which before was '3- ^t^V' 
not, we call Generation ; thus we fay Fire is generated, ^rdCeL' 
when we fee Fire where the Wood was before ; fo like- ration, 
wife we fay a Chicken is ^^^^W, when we fee a Chicken 

in the room of an Egg. 

14. When a Thing is deftroyed, or ceafes to be what *4-* ^^^ '* 
it was before, we call it Corruption j thus we fay it is a ^batof^Car^ 
Corruption of the Wood, when we fee the Wood no Ion- ruption* 
gcr, but only the Fire in the Place of it 5 And in the fame \ 
manner we fay an Egg is corrupted, when we fee the Egg 

no longer, but a Chicken in its Place, \ 

15. A Thing is faid to be altered, when it has under*- 15. ff'bat is 
gone fome Change, but not fo great a Change as for us ^^^^%l^^ 
not to know it again, or to have a new Name given to ration^ 

\%i Thus when a Piece of Irdn, which was before cold, 
is made hot, it is faid to be altered \ for this Change is not \ 
fo great, but we khow It to be Iron ftill, and do not 
give a new Name to it. We muft take particular Notice 
here, that the Alteration muft make but a moderate 
Change ; for if it be fo great, that we cannot know the 
Thing thus changed, we do not then fey that it is altered, ' 
but that jit is corrupted. 

16. By tht firji Principles of natural Things, we under* 16. tf^at is 
ftand, that which is firft, and moft fimple in them, or that T'fp^f^lf^ 
of which they are originally compofed, and beyond which v^ ^^J,*7„, 
they cannot be reduced. Thus, the firji Principles of a ral Tbiyis^ 
Chicken, arc thofe Things which are united together to 
compofe a Chicken, and which are fo fimple, that they 
themfelves are void of all Compofxtion. 

Vol. I. C 17. Now 
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i-r.ibsttbt ly^ How I do not pretend that the foregoing Defixu- 
■^Xw**' ^^^^ contain any ieciet Things in them, nor do I defign 
fgnify fu they ibould pais for Things very fiiUini^ as iraie Philo- 


more than it fophers have done i but on the contrary, my principal 
Tbi^DlfiMi^ fign in laying them down here, was no other than to 
titmofibtm, pkin the Mwiing of tly^ Terms which I have defined fa 
diftin<5Uy, that no one might be deceived, in putting anjr 
other Senfe upon them more enlaiged or reftiained $ aaid 
to do it in fiicb a manner, that no Fiftions m^t be 
made out of them. 
j8. A Cau» 1 8. I fhall here add one Caution about Words, and it 
^JheA^anin ^* ^*^? ^^^ though thofe which wc call Nouns ft^anthue 
nffme were invented to fignify Subftanccs ; and Adji^ivff and 
Nouns Suh> yerbs properly fignify only Qualities or Modes, or Man- 
^nttwu j^gj^ Qf cxifting or adling ; yet there are a great many 
-) Words, which in Grammar pa& for Nouns fiibftaqtive ; 

whofe Signification is the fame as that of Veibs« Thus 
when we iay that a Walk is who/frmey we mean no more 
than that it is whokfome to walk. 
19. 4nEw. ig^ Por want of attending to this Rule, the Genecality 
fr^mw'S of young Men, when they b^in to iludy , take the Things 
of attending fignified by thefe Sort of Nouns fubflantives, to be real 
hereto. Beings, and imagine them to have a particular Exiftence, 
and by this Means fill the World with Scbdajiick EntitieSy 
and rational Entities^ which they are many times &> pof- 
fciTed with, that they become incapable, all their Lives 
after, of applying themfelves to any Thing that is folid 
and fubftantial. 



CHAP. V. 

The principal Axioms of Natural Pbilofophy. 

x.The Foun. AFTER having explained the principal Terms made 

daccnofna^ -Tl yfe of in natural Phi!o:>phy ; I (hall now lay down 

%L ' " ^^'^^ important Truthsy which arc felf-^vident, and which, 

being the Foundation of all Philofophical Truths, aie con- 

fequently the principal Jxioms of Pbilofophy. 

2. The firft is ; that Nc^hing^ or that which has no £»- 
ijlencey has no Properties. Thus we can.iot fay. that No- 
thing is hot, or cold, can be divided, or has Parts, fcfr. 
Therefore where we know there is any Puoperty, what- 
ever it be, there we may affirm, that there is fome Thing, 
jom^ ;eal B.ing. 

3' 5^' 
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3. Secondfy ; ft h ifjf^UU that SometUngftmld be made 3* ^^^ n« 
rfabfilute Nothing ; or that nure Nothing can become anf 

Thing, This ^x$0H is a neceilary Confequence of the 
ibi«^9ing one, and proves it Mf to them who grant that. 
For if Kothing cam be made Something, it would follow, 
contrary to the preCeeding Axiom, that Nothing has fome 
Property : Whfch is abfurd. ^ 

4. When I fiud^ that it is impejible far Something to be 4^ in^bat 
Made jT Nothings I expfrfsly added the Word Abfolute^ ^Cllid^tZt 
becaute Ido not at all doubt, any more than any other alyrbingU 
Perfon, that a Thing may be made out of what has no- made of No-^ 
thing « that Thing m it, or to fpeak more cfcaiiy, may '*'^i' 

be fl^uie out of that which is not that Thing*. Thus for 
Example : Ko one' can doubt, but> that Bread may be 
made of Water and Meal, which are not yet Bread. 

5. Thirdfy J M TUng or Subftana can be wholly annihi^ ^^jtximllh 
lated ; that is, Jo ceafe to be^ that there fl)aU remain nothing 

at all of it. Indeed j when smy Thing who% difappears, 
we eaitly apprehend, that it c^aies to fit the Thing that it 
was, in order to become fome new Thing : Thus we ea* 
lily apprehend, that Com ceaies to be Com^ in order' to 
become Meal, and that every Part of the Meal may be 
ftiB divided into other Parts, fo fmall that tliey may be 
utterly imperceptibfe $ but how that which is Something, 
can become abfolutdy Nothing, this is utterly uncon- 
ceivable. 

6. Fhirthlfi Every EffeSf prijiippdfes fome Caufe. This 6. Axim 
is fo generally allow^ by all the World, that the duUeft' IV. 

of an, are led to admire certain £iFe£b, for that very 
Pjezism^ becauie they are perfwaded diat they proceed 
from a Caufe, and that this Caufe is wholly unknown to 
them. If this was not a very true Axiom, we fhould not 
fo much wonder at that moft known Property of a Load- 
ftone for Example ; but reft fatisfied, with knowing only 
that the Iron does really approach the Loadftone, without 
wifhing for any Thing further. 

7. Fifthly. Which is a Confequence of the foregoing 7.:i)r»d«V. 
Aofiom \ If we ourfehes are not the Caufe of any EffeSl^ it 

mujl nec^arily depend upon fome other Caufe. Thus, if I 
kjK>w certainly, that a particular Effeft which is within 
my own felf, does not depend upon me ; I certainly con- 
clude, that it depends upon fome other Caufe. 

8. Sixthly ; E*uery Things as much as it can^ endeavours i. Axiom 
to continue in that State in which it is. Thus, if any Thing VI. 

be fquare, it will continue always fquare, and will never 

of its own felf become round, or of any oUier Figure, This 
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is what others mean, when they fay, that Nothing tends 
to the deftroying of it felf. 

9. From whence it follows. Seventhly ; That every At-- 
teration is made byfome external Caufe, Thus if we fee a 
Flower in a Garden very frefli ii;i the Morning, and in the 
Evening find it witheicd ; we conclude, that eithej the 
Sun, or the Wind, or perhaps fome Perfons roughly handf- 
ling of it, have caufed this Change, and though we could 
not at all guefs what it was that had made this Changa i 
yet we fhould afcribe it to fome Gtufe. 

10. Eight hfy ; Every Alteration is always proportionabh 
to the Force of the Agent which caufes it. So that the 
Thing which is alter»l continues, as much as it can, ux 
its firft State. Thus if a Body, which moves flowljr, 
comes upon another Body at reft, and pufhes it before it, 
we cannot think that it can move this latter Body (i) 
fwifter than it goes it felf. 

1 1. There are yet more Axioms which I fhall afterwards 
draw many Conclufions from ; but becaufe they are not 
.fo general as thefe, I fhall content my felf with men- 
tioning them. When I have occafion jto make ufe of 
them. 

12. But before we proceed any further; as my De- 
fign is to treat of natural Things, and to explain as well 
the Caufes by the Effects, as the EfFefts by the Caufes ; 
that I may not go beyond the Limits of my Subjeft, but 
contain my felf within the Bounds of the Science I treat 
of ; I exprefsly declare, that my Defign is to confider 
Things in their ordinary and natural State, and that I pror 
tend not to fay, or determine, what they are, or may be, 
in an extraordinary or preternatural State: Becaufe, I 
think, it is great Raflinefs to undertake to determine, how 
far the Power of God can extend it felf, whom I ac- 
knowledge to be the Author of everv Thing in theWorld, 
and who, I believe, can make a Multitude of Things 
above the Capacity of humane Underftanding. 

13. Wherefore I will never venture to affirm, that 
there is any Thing impoffiblc with God ; and inftead of 
fpeaking in fuch a manner, which is too common ahiongft 
Philofophers, I will content my felf, with only faying, 
.that fuch a Thing is not of the Number of thofe Things 
which I know He can do. 


(i Sjuijttr than it goes itfel/A^ an Addition of nrtv Force, Scebe< 
Unlefa it be ^dued wUh art etajtuk low, Gbap. xit Art. 6. 
Forct^ whiih is to be undtrftood as 
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14. And above all Things, I particularly guard my felf H* ihatwt 
againft enquiring into the Mx/feries of Faith, and attempt- J"^^^J "^'^?_ 
ing to explain what is obfcure therein; becaufej 2sti jstiin int^ 
firmly perfwaded, that that which God Almighty would ^yfi^rUu 
have to be a Mjftery to the Ignorant and Unlearned, he 
would have to be fo likewife to the moft exalted Genius, 
and to them who think themfelves much greater Philofo« ^ 

phens than I am. 

C H A P. VL 

Of the Principles of Natural Things. 

IN order to know what the Principles are, of which 1. Of Mat' 
natural Things are compofed, we may take one parti- ^"'* 
cular EfFed for a Rule, and examine that ; as for Exam* 
pie, what is done, when the Wood is converted into Fire: 
For by this Means, it will be eafy to judge, what pafles in 
other Produ^tons of Nature ; and this wiU, as it were, 
lead us by the Hand, and help us to difcover what natu- 
ral Principles are, and how many there are of them. Firft 
then ; becaufe, according to the Maxinis before eftablifh- 
ed, it is impofEble to conceive the Wood to be wholly 
annihilated, or the 'Fire to be made out of abfolute No- 
thing, therefore we muft think, that there is Something 
which before belonged to the Wood, which now belongs 
to the Fire, and is therefore common to them both. Now 
this, whatever it be, that fubfifts under thefe two Forms, 
we call Mattery as others call it ; fo that Matter is one of 
the Principles of natural Things. 

2. Secondly^ We apprehend alfo, that there muft necef- ». Of Form, 
farily be fomething elfe added to Matter, which makes it 

to be Wood and not Fire, or to be Fire and not Wood ; 
and whatever this be, which does not caufe Matter to 
exift, but only to exift in that manner, we call it the 
Form y and thvs we reckon another Principle of natural 
Things. 

3. Arijiotle obferved, that though a Thing could not ^.rhatPri- 
be made abiblutely out of Nothing, it might however be «'*''•« «»»f ** 
made out of what was not that Thing. Thus a Chicken J^f^^wa. 
may be made out of that which is not now a Chicken ; eim 0/ a 

fo that the Non-cxiftence of a Thing, which he calls ^*'"r» 
Privation, muft immediately precede the Generation of 

C 3 it; 
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it : From whence he concludes, that there aic three 
Principle of natural TUngs, Frh^My Jkbtterj and 
Form. 
"^'^r^l' 4, But by making Prrvatim a Principle, the Wof4 

ZTtobTcaL Principle becomes ambiguous, and quite another Mean- 
hd a Priny ing IS given to it, than when we faid of Atatter and Fmrm^ 
f '>/<» ^at they were the Principles of n^toial Thin^ ; for k » 

certain, that Privatim is not at all a Tki^^ nor does it 

go to the Compofition of any Thing. 
S.That tbate 5 . Beffides, there is no Realbn to makr a particoku My f-^ 
^reoniftwo ^^^y. ^f ^.^jg Word Prwatton ; for there is no Body biit 

vi^Matur knows what it means ; . and fmce. it ia of no ufe to explain 
and Form, natural Things by, we conclude, that there arc but two 

Principles of natural Things, vise. Matter and porm. 

6. T&tff 1/ ti 6. Biit we have^ not yet macfeany great Aihrances in 

y$i/t. the Knowledge of the Thin^ of Nature : For, He is very 

\ndtrftaiid far from underftanding the Nature of Fire, who knamB 

nohat Mitt, only thus much, that Matter is neceflary to the Compo^ 

flraare, fi^i^n of it, that is, it has fbmethin^, we know not what, 

in common with other Things j and' that a Perm is alfo 

neceflaf y to it ; that is, another Somtthifig, we know not 

what, whkh gives that particular ExHlence to the Firs i 

for, as was obferved before, a TMng that is unknown^ 

does not become known, by giving a ^ame to it ; we 

muft therefore confider more diftih^ly, what Matter and 

F'orm particularly are. We will begin with Matter^ and 

try to find out what that is, which we call we don't know 

what, whkh is common to all the Things in Natuie. 

CHAP. Vll. 
Of Mmer, 

jfTbtMt^ O I N C E there are but three Particulars neceflary to a 
'5lJ{«Jt . perfect Underftanding of any Thing, viz. its Ejjince, 
Mfftcr it, its PropertiM^ and its Accidents ; that we may compiehend 
fully v/h2X Matter isy we muft diftinftly explain what the 
Bffence of it confifts in ; what the Properties of it are ; and 
what Accidents it is capable, of; in order-to which) we 
have no more to do, but to examine all that we conceive 
any way to belong to materiiil Things, coofidered as ma- 
terial, that is, to belong to Matter ; and then exaftly to 
. frfiftiiiguifli its EJferice^ from its Properties^ and Accidents. 

2, Now 
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2. Now according to this Method, if we confider, that ^"^ -^f^^- 
though we do not perfeftly underfta^d what Hardnefs^ b$lJ^to^ 
Liquidity^ Heatj Coldy Heavinefs^ Lightnejs^ 7^^, Smelly Matter, 
Scundy Light J Colour^ Tranjparency^ Opaatyy and the like, 

arc ; yet we underfland enough of them,, to know, that 
they are none of them infeparable from Matter, that is, it 
may exift without any of them, (for we fee that fome ma-* 
terial Things are without Hardnefsy fome without Liquid 
diiyy fome without Heaty and fome without Coldy and fo 
of the reft,) wherefore wte fey, that th& Effence of Matter 
does not confift in any of thefe Things, but that thefe are 
accidental only. 

3. But when we confider Matter as extended intoLengthj j. ThmB*- 
Breadth f and Thicknefs -^ as having PartSy and thofe Parts tsnfitmnn^i 
having feme Figure^ and that they are impenetrable^ we do *J*^«^*' '♦ 
not judge in the fame manner of thefey nor think them 

mere Accidents of Matter. For, as to Extenfton j it is 
certain, that we canfjiot feparate the Idea of that, from 
any Matter whatfoever ; becaufe if Extenfton does not go 
along with it, we immediately lofe the Idea of Matter y in 
the (ame manner as the Idea of a Triangle vanishes, if we 
ceaie to have in our Minds .the Image of a Figure termi^ 
nated \y three Lines, ^ 

4. As to the Parts of Matter ; we apprehend them to 4. r^iMmt 
bdong to it fb neceilarily, tliat we cannot imagine any ^tf^'», /«»/ 
Portion of it fo fmall,. be it the fmaHeft we can conceive, "^^^Zf '"^ 
but that if it be upon a plain Superficies, we muft think 

ait the feme time, that it touches it in one Part, and does 
not touch it in another; that is, this fmall Portion of 
Matter, confifts of Parts, 

5. With* lefpefl to Figure ; though it be nothing elfe 5*7^ n^ 
but the Difpo&tion of the extreme Parts of a Body, and ri« '* "f 
perteps we W dtennbe the particular Figu« of a 1^:^ ' " 
particular Body ; it is however manifeft, that we cannot 
conceive any nody, be it eter fo great, or. ever fo fmall, 

but at the feme time we conceive it to have fome Figure. 

& Lafttfy With r^ard to Ipr^enetroMity ; fince a cer- 5. q^^^ j„^ 
tain portion of Matter, fuppofe a ctAic Foot, has all that ptnetrahiUtf 
is neceilary to fuch a Magnitude, we cannot conceive how ^' "^ '" ''" 
another xubtc Foot can be added to it, without making "g^ltgr. 
two cuUc Feet : For fuppoie any one would xeduce them 
to one aiUc Foec by Penetration, this would not be fo 
much reducing them to one cubic Foot, as it would be 
deflroying the firft Suppofition ; whence we are led to 
think, that the Part3 of Matter are in their own Nature 
impenetrable, 
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'T.OftheEf' y, Now this being fo ; we muft fay, that Extenjian^ Z>/- 
>';;j l^'' viftbilityy Figure^ and ImpenetrabiUty, arc, at leaft, ejfential 
Mat^er^ Properties of Matter, becaiife they always go along vath 
it, and cannot be feparated from it ; and thefe being all 
that we conceive to belong to Matter ncceflarily, for "we 
Jcnow of nothing more, we arc aflured^ that the Effence 
of Matter confifts in one of thefe. 
». JFbat/be 8. And becaufe we conceive Extenfton befo|Te the other 
^ifrt of Three, and becaufe we cannot conceive the other Three, 
jiftl^in, ^^' without firft fuppofing Extenjioriy (i) we ought to think 
that Extenfton is that in which the Effence of Matter 
confifts. 
^. In what 9. If it fliould b« here objected ; That God could make 
a natural ' Something to be thpEJJence of Matter, which neither wie, 
tuibltoac- nor any Man living, can underftaiid what it is ; we can 
krtowhdge make no other Anfwer, but only this ; that God, being 
the Efeitci Lord of all Things, might create them according to his 
Vrcpertiei ^^n Will ; for we do not pretend to determine by ouf 
vf Matter Reafon, that which Reafon cannot com^ at. Wherefore 
to con/ifi. leaving fi|ch Sort of Queftions to be treated of by thofe, 
who are of a higher Profeflion than that of mere natural 
Philofophy, and who carry their Views far beyond what 
Reafon can do; we (hall contain our felves within the 
Limits. which that prefcribes, without invading the Ter- 
xitories of others ; and conclude from that Knowledge 
which we have by Reafon, that the EJfence of Matter con-^ 
fifts in Extenfton^ becaufe that is what we firft perceive 
in it, and from whicKevery Property of Matter is derived, 
and upon which it depends, 

(z) We ought to think that Exten. aifeftly flow, may be mote truly cal. - 

- ' • ft,tty &c*} It does no more fcem to. led the BfTence of Matter. 

follow from heoce ; that, becaufe we But further ; ii Extenfion were the 

conceive Extenfion before any other Eflence of Matter, and foMar/«r the 

Properties of Matter, and that thofe Umt %z Spate it f*lf\ it would foK- 

Properties can^t be conceived to ex- low, that Matter is infinite, and ne- 

ifl, without firft conceiving Exteofi- ccflarily eternal, and could neither 

on ; therefore Extenjion is the Ef- have been created, nor be reduced to 

fence of Matter \ than it follows from nothing ; which is very abfard. Be /. 

hence, that Exiftentf is conceived fyle ; it evidently appears fro|n Qra* 

. before all other Pre perties of Matter, vity, as ihali be afterwards expiaim^ 

and therefore Exifltnce is the Effence ed, and from the Motion of Comets^ 

of Matter. But Ance Exteoficn is a and from the Vibrations of Penou- 

. n:)ore general Word, and compic* iums, th^t Space it feif U nat Mat- 

Jhends n)ore under it than material tfr. Wherefore not Exienfion, but 

Things, It (houid feem, that that Jolid Extevjion, impenetrable yy«)t\c\k 

imptnitrabU Sdidity which belongs is endued with <ijP owrr 0/ r^fiing^. 

to all Matter, and to Matter oOiy, may (as was before faid) be moie 

a.nd from which all hs Ptcpcrtics ma- truly called the EJfence of Matter. 

• " ID. Fur-' 


Chap« 7« </ Natural Philosophy. %g^ 

10. Further, that we n^ay carry our Knowledge as far ^o* ^^' 
as the Light of Nature wiU permit ; let us confider that f,f /^/' 
the Idea of Extenfion is fo far from depending upon any Mode* 
created Thing, that we can^ fcarce get it out of our 
Minds, when we try to imagine Nothing, which we be- 
lieve was before the Creation of the World ; which 
fhows that it does not depend upon created Things, that 

it is not a Confequence nor a Property of them, much , 
lefs is it an Accident or Mode of exifting, but a true Sub- 
ftance. 

11. It is generally believed, that this is very different; 'i;****. 
from the Opinion o( Arijiotle^ becaufe he fays in his Me- J^'JJ^-'^^Jj;, 
taphyficks, that Matter is not a Thing that can anj^ way^^^^ w tbk 
^fwei; to 'Qucftions which relate to EJfence^ ^antity^ ot^ptuufi fart 
Siuqlity-y and indeed, that it is not a certain determinate^^ *}/ 
Thing J This the Jrj/iotelians^ for the moflpart, fo in-' tbemfehet 
terpret, that they would have us think that Matter is not^^^'f^'^*' 
at all extended, nor has any Exiftence, ^^ » © » 

12. But Artjioth feems in thisPlace^ to fpeakof Mat- "•.^'«^^'« 
tpr in general ; for he exprqfsly diftinguiflies between £a;-» „^'^y"^- 
tenjion and. ^antstyy as every one ought, becaufe we to it. 

can conceive the one without tjie other. Thus, for Ex^ 
ample, a Surveyor of Land conceives at firfl Sight, that 
Si Field is extended, but he does not know the Quantity 
of it, till after he has meafured it. Now in this oenfeof 
tjie Word Matter, there is no Inconfiflency in faying, 
that it may be extended, and yet not be any Thirig that 
will anfwer to thofe Queftions which Ariftotle there enu- 
rnerates ; for thole Queflions are to be underflood only of 
Matter under fome particular Form : Thiis we cannot 
fay of Matter in general, that it is Hot or Cold, that it 
contains a certain Number of Feet, or that it is fuch a 
I^rticujar Thing, as Gold, or Wood, or Marble y any 
more than we can fay of aii Animal in general, that 
it is a Horfe, and not a Dog, or any other particular 
Species, 

13. But be this as it/ will, \i Ariftotle was not of this O- ij* ^«' '' 
pinion, as many of his Interpreters think he was not j we ^l^^^H^ 
fhall make no Difficulty in this Matter, to differ from Reajon^ 
him J becaufe we do not govern our felves by Authority, tnhkh ought 
when we endeavour to eflablilh Things upon Reafon. 7,v.^t/ 
And tliere feems to me no Reafon to fay, that Matter, iruth. 
which is the common SnhjeSl of all Things, has it felf no 
Exiflence ; for there is no Difference betwixt Non-Ex- 

if^pncje and Nothing, or having no Properties. 

14. Some 
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U , TBat j^ Some Artfloteliansy who mav be latrsfied \Mtt this 

1^0^" ^ ArifwcTy will perhaps find fault with me, becaule I call 
SnaJei, Extenfion in Length, Breadth and Thicknels, a Sub- 
0»d Thick' ftance, and not a mere Mode or Accident, as thev do, 
ha Modi. Thus, for Example, when we fpeak of the Extenfion of 
a Table, they underfland that the Extenfion is a Mode^ 
ind the Table the Subftance of it. But it is eafV to make 
appear, that this is a Mifbke arifing from the Manner of 
Speaking, and is altogether as grofs, as it would be, in fpeak- 
ingof the City of Rome, to imagine, that thefe were two 
different Things, one the Mode, and the other the Sab- 
fbnce. But to clear all Difiiculty in this Matter, we tnuA 
dbfferve, that it is of the Nature of a Snbftanci to be able 
tb exift without its Mode ; on the other lumd, Thi Naturt 
df a Mode iV, not to he able to exiJl'Hmthmt that iuhftancB 
•fivhich it is the Mode. For it is ivrdewt, (i) that tht 
^hole fixtenfion of the Table can fubfxfl without b6ing a 
Tabk, but on the contrary, there can be no Table with- 
out Extenfion. Wherefore, fo far ought we to be ttbm 
^^P^i9 ^hat Extenfion is a Mode of which the Table is 
tht Subffanctf, that we ought to fay, on the contrary, 
that Extenfion is the Subftance, and the Form of tne 
Table tlje Mode, 
f 5. whewi f 5- ta^Iyy They who deny Extenfion to be thd Effencrf 
it it thai of Matter ; cannot diftinftly teH us what they mcaA by 

M^ybti'^^^^2 ^^^^^ ^^^ J^ Effence confifts ; and they lay 
Stnbttberio dowh fo obfcurc a Thing for a Principle, that it is im- 
fi barra. poffible to draw any Confequence from it, that cart en- 
lighten our Minds, or fferve to clear up any Truth. 
Wherrforc we need riot be, furprized, that their Philic^ 
fophy is fb barren, arid that it is not capable of explain^ 
irig the fmallefl Eflfeft in Nature. Let us now fee if the 
fame may be affirmed of the Principle which \ve have 
maintained. 

(i^ That the whole Extenjion of noO neeeflTarily be fone Suijfanct 

the Tahtf, fte. ) Yes, if odther the fubfifting under tht Fom rfthe Tsile, 

ITaMtg not tne Matter it filft Qr which Isit felf exteaded $ which ex- 

Subfiamof the Table exilltd. This tended Sabibnce is not Extenfion it 

Inftante therefore does net protre, fc!f, but fu^^ifts iii Extenfisnorex- 

thit ExteAfioD It tBaf Sabihoce or teided Space*' 
fatter of the Table, but tiVat there 
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&fm& Corrihriis pf the fwegot^ Notion. 

FROM wfa^t we have now laiil down concenm^tbe t.n«f /m> 
Eflence cf Matter, we infer in liat firft pbce, {i)tlM '^ft^y^ 
what the PbtbfifbfrsiiiU'c Vacuom camut p&Shk h: For hs wtattb^ 
hf a Vacuum they nueam a ^pace Toid of aU Matter ; but P*f^«w# 
hy Space (or Esctenfion) we mean the finne Thing n mmL^** 
Matter ^ and to aafc if theare c;in be any Space wi^out 

(X) That Vfha» /i» PAikMtri 
/«// « VMnum^ (^c) This ft coa- 
lifleotly eBDOgh iSud of htniy w^ 
§MnbM tile Bflenceof Uuier to be 
BneafioBt Bot it is vtiy cvideat 
Ifon GraWty, (which OaU after. 
wifdi be briefly expfadaed) tfait there 
moll aotOBl^ be 9J%ammiatki!t9n, 
hoi chat ii i« the £ur gceatei^Paft. 

Befides, a r'tfcome, as I iidd now^ 
ir dfcxnoBuratco' non the Mbtion ot 
Cwmett, ¥^BiifetitC§mti9mr«fttr' 
ried with toikitmtl Motion th^mgft^ 
tbt Hmv^ Sf*Cii,from tvery Pari, 
4ntdMifWyjt, d*d t9 all Fartt (In 
OiMcs which cot the Orbits of the 
Fiaaeta tnoAnnrieiy every way) i> is 
tvidetitfrom tbttu*, that the Bmstfy 
Sp^ct9% mt^ he void rf tfey fii^Shl* 
JHf^gAnwi, 0iid ewfifmnulf •/ mj 
fiijihle Hatter , Newt» Optic p. 3 10. 
See alio tlie Notes 00 Part II* Chap. 

ThiaitiliU Author eyideot Im» 
the yihratimt efPeaialMmtf fox tliaj 
aseet with 00 Refiflfeoce ia Spaeas, 
ootof which the Air ia exhaoftsd | 
wherelbfo icis plaiO| iiere isaoAo. 
fible Matter ia tho^ Spaoat, oor in . 
the occolt Pores of tlie Body tiiem- 
felves TlieFidtioaofCefMi, ti|at 
thtSmullMefi of hit iubtilMatter is the 
Aeafim wlqr tltt Reiiilaaea is ioieaiv- 
hle« for a imaU Body ifailcing apdaft 
ft laifi eao« camot move ir ia cho 
luft, nor hhider Iti Motioa, but |a 
rcfleOad with the Whole of its owo 
Motioa i this is Tcty weak^ aadcoa- 
trary both to Reafea aad Eiperiea^ 
For the iinioot Sir Ifaat tfevftm lies 
deaioaftrated, that tiM DemMtj ef 
fluid Mediums it pretty nearly impre* 
'fortiom t» thsir BefiihnieB (Opt. p. 
311.) and that tiiey are veryflMch 
mA»lftn, w^thmiika^th^Mafifl* 


Modits ft iafmiely 
diminijbedp hw the Mwiia Dpsnfion 
•ftb% fartt cf thi Fkid-, (Piiodp. 
Boolt n. Pmp. 3t. GhoI- a*} F<9r en 
tha temwmry^ it M midtsd^ tbu tJk 
Refftante camhehttta ntery little df- 
wtmiBed^ hy theDivrJhittfthePart$ 
of tit Wlmld (Ibid. Prop. 40. Gok %A 
Fer^ tkcreffiagEsrcesef aUFluim 
are very marly as their Denfities, 
W9twhy Bouid not the fmt Qoaa** 
titf ofifeller» aBehethaftaie Ac* 
fiiboct» whether it be divided iato 
a great maoy very fmall Parts^ or 
ioto » i^wfarge ooes ? WItereibre, 
if tiMrr ware ao Paemtmf k would 
follow^ tiiat a Body moved ia Air, 
or in a P&ce oot of which the Air 
is cxhaofted> wooli laeet with ae 
flioch Dificoky, aaif ItwereoMved 
in Qgicic-filver J which is contrarj 
i0 Experience, and therefore it is 
evtdeat, thoc there it e yactumin 
Nature^ aod (as was laid before) tliat 
it is much tlie peateft Pait. 

Slace there&ro the Bffence of 
Mtttev does aet eoaiift ia Extes^tn, 
bot ia haftutrtble Solidity ^ wemuA 
Uj, that the whoie World is mtde 
up of find Bodies wliich aiore ia e 
^ocoair. Ahd we oeed not fear* that 
tile Phdaonieaa of Nature ihouM not 
be £> well explained thereby j fbr the 
Explication of thofe Phzoomena 
which ieem chiefly 10 depend upon 
a Pletmm, vix. The Barometers, the 
Flux and Refuntfthe Sea, the Mo* 
tion if the Start, and of Light, thefh 
faa be aHMre oafity and lolly cxphdo- 
cd opoQ other Principles (as fliall be 
ihowB hereafter }) bot at to the other 
Pbaenomena of Natoi?, which de- 
pend upon Caiifes wt iogeaMOl* the 
Expiicatiott of thcia is the imm ia 
oar Syflemts b that of ComUu 

Matter," 
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Matter, is the fame as to ask, if there can be any Matter 
without Matter, which is a manifeft Contradi<Elion. And 
it fignifies nothing to fay,, that we Can tonceive a Space, 
in which we fuppofe there is no Light, Colour, Hardnefs, 
Heat, Weight,: in a Word, in wkicfa we fuppofe there is 
not any one Quality that we can imagine ; for when this 
* is done, and all thefe Things denied of flxtehfion, it i$ 
the Accidents only ttiat are taken away from the Thing, 
whofe real Eflence is at the fame time fuppofed. 
%,Wbmthn 2. And here we ihall not trouble our felves to give an 
J2l^''^^'y Anfwer to any one whofhould put the following Queftion 
God Jbourd to u5 I Whether God could not by his Omnipotence 
^r*'i'^'"* make a Vacuum^ by annihilating all the Air in a Room, 
t Rtom " ^^^ hindring any more from coming in its Pladfe ? For, as 
wc faid before, it does not belong to us to determine how* 
fer the Power of God can extend it felf. But if the Que- 
ftion be a little altered, and we be only asked, what we 
conceive would f jUow, if God {hould annihilate all the Air 
in a Room, and not fuller any other to enter in its Place i 
Wc fliould return for Anfwer, (not concerning our felves 
with what would come^to pa& without the Room,) that. 
the Walls would approach one another fo near, tliat thiert^ 
would remain no Space betwixt them. 
y That the j^ Perhaps it may be urged by fome, that the Ws^lls of 
•ftb^Walh * R^^^ ^^^^ independent of what is contained betwecri 
in making tt thciji, and confequently that they might continue in the 
^I?' ^*" *^^*^^ ^^ were, without approaching one another, though 
Vbe £T//»- ^^'^ is between them were annihilated. To which I 
fion of tbi anfwer ; that it is very true, that the Exiftence of the 
Matter that Walls docs not depend upon what is contained between 
^bJhi^ltn^ them ; but the State they are in, or the Difpofition of 
tbtm^ them, in order to compofe a Room, this depends upon 

Extenfion, or fome Matter w|iich is between them, and 
confequently, this Extenfion cannot be deftroyed without 
deftroying the Difpofition which the Walls were in be- 
fore, though not the Walls themfelvcs. 
4.. What it 4. Secondly^ We are to underftand that internal Place^ 
puant by or the Space which any Body pojfejfes^ ( i ) does not at all dif- 
fer from the Body it felf , And therefore when we fay a 
Body changes its Place, we mean its external Placc^ that 
is, with regard to the Superficies of other Bodies with which 
ft is furroufidedy to the different Parts of which j it may be 
differently applied, 

.(f) Doet not at afl differ, &c.) of the Pbaenomena of Nature. For 
ThistndrH i^ not true ; but it makes the true Definiiienof Place* See the 
Q« (}i^renc€ at Co the £xpJicatioa I>fct*s (,n Ckaf, io« Art*%, 

5, T/}irdfy^ 


flace* 
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5. Thirdly^ When a Body appears to take up morc 5« ^^ So- 
Room than it did before, without our perceiving any ^rlltf^dMd 
Matter to be added to it, which is what we call Rarefac^ fomUnfed. 
tion^ we conclude (i) that fome very fubtile Matter has 
entered . into it, and diftended its Parts. So likewife, 

when a Body appears to take up leis Room than it did b&* 
fbie, without our perceiving any thing to be taken from 
it, which is what we c2l\.Condenfationy it is our Opinion, 
that fome imperceptible Matter is gone out of its Pores, 
and . that by this means its Parts approach nearer to each 
other. For fmce Extenfion and Matter ate to us the fame 
Thing } we cannot conceive that a Body fhould appear 
more or lefs extended, let the Manner be what it. will, 
but that it muft have more or lefs Matter^ 

6. And this does not hinder, but that we may fay with ^* ^^^.^ 
Arijiotli^ that a rare Body is that, which has but a little tbltw'L^ 
Matter, and poflefles a large Space, and a denfe Body, is that a rare, 
that which poffeffes a fmall Space, and has a great deal»''' ?^y , 
of Matter j or, which is the feme Thing, that a rarefy'd Sf^7«I7 
Body does not acquire any new Matter, nor a conden* a condenfid 
fed Body lofe any of its own. For this imperceptible ^^^^ H**l 
Matter which we fpeak of, ought to be confldered as a *^^' 
Thing that is foreign, and which does not at all belong to 

jthe Body it enters into, or comes oi^t of, when it is rare-> 
fy'd or coodenfed. Thus when Paile is turned into Bread, 
it is rarefyed before, and while it is baking, yet we don't 
fay, becaufe of this, that we have more Bread than we 
had Pafte ; though it is vilible, that a great deal of Air is 
got into thofe large Spaces which we call the Eyes of the 
Bread ; becaufe, what is thus got in, is not what w^ call 
Bread : So alfo when we prefs the Crumb of the Bread 
in our Hand, and bring it to a lefs Compafs ; though 
We are fiire that a great deal of Air is fqueezed out of • it, 
yet we don't fay that there is lefs Crumb than there was 
before ; becaufe there remains yet all that we call 
Crumb, and the Air which went out of it, did not be- 
long to it. 

7. What we have now (aid about RarefalfioHy may be 7. whiw 
thought perhaps hardly to agree with what we experi- '' " '^'«' * 
ence in a Chefnut, which,, when put upon the Fire, ^,,JJ1*^a^ 
burfts with aNoifej for it may perhaps be imagined, ^i>/ F/re. 

(l) Ihat fome very fubtile Matter, mim, but either from the Liqaidncfi, 

tec ) When any Body is nrefyed, it or trom an eiaftick Force, or from 

js ofren very maoifeA-, that its Pa>t3 Gravity and PcefTure, or £rom fome 

are diftended by the Entrance of the accidental Motion in th«t fubtiie 

Air^ or fome more fubtile Matter. Matter which enters into the Pores 

But this does not follow from a P/c- of the rarefyed Body. 

that 


J» 
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WtrU is 
hite» 


than the fubtik Matter which enteis thfough the Pom o£ 
the Husk of the Chefintt, majr cOiae out with the £me 
cafe as it enters in, without breaking, or making %ny 
Noife. But this Dificuky is eafily tek^rad, if we con* 
fider, that it is not the foreign Maitto* that entOB in^ and 
oomes out of the Chefiuit, which is the immediate Caiifit 
of the Noife ; but the more groft Parts of the Chtfiiiit 
it felf, which are torn in Pieces, and put in fuch Motiott^ 
(x) by die fiibtile MatBsr which enters thePoies liioe to ma* 
nj Kftle Wedges, digt they bitak the Husk with a Noife. 
8. fkitthfy^ Weoondude (2) that tit f^ifrUt is iniifi^ 
mtif becaufe at how great diftanoe foever we fet itsBoundSf 
it is impofible for us tiot to imagine Extenikm to be Haii 
beyond. Now Exienfion and Matter, bein|, as was iaid 
before, the fame Thing ; we have no Notion of the 
World's bang ib big, but we can imagine it ty be ftiU 
biffier. 
9^7to£f ii 9* fifthly^ It is evident, that though we can fee Ao 
m;^^^ Reafen why there may not be many Bodies like eo our 
^^[J^^^ Earth, and capable of containing manv Animals, as that 
^iWttidtJ does ; yet it is impc^ble (3) that tdert Jhmld hi nutnf 
Werliss forthis, in which we are, poiieflessdl that Space 
which we are able to conceive. 
10. nba$tht 10. Sixthly^ Becaufe the Idea we have of the Extenikni 
Matter of of the Heovcns is the &me as that of die Extension of 
^^JupZ' Things here below, we ought to think (4) tbtttOeyare^ 
Bodies up9H the fame Kind ; and it is no Objeftion againft diis, to fiiy^ 
'^" ^r't' ^^^^ ^^ Extenfion or Matter of the Heavens is brighctt*, 
fame Kind. ^^^ '^^ ^^ mutable as that of Things hete below, becaufe 
this Difference regards only the Accidents of Matter, and 
not the EJfenci of it. 


' {\) Bf ibe fitktik Matter, ice ) 
Oe ratbev hy the iodaded Air« 
which is very much rarefyed by the 
Heat, and teara the Chefnut in 
piMe« 

(a) That the ff^orid is itidefiaite. 
Sec.) From the Hy^thefij of a Pie* 
mum. It mtiA r.fcefl&riiy fblloWj that 
the Worid is reaUy aad troiy injimt^y 
nay, that it is uncreated and eteraal, 
(as was ftid before.) Bot iince it Is 
evident, chat -Extenfioir may exift 
without Matter \ whether the mate. 
Hai World be infinite or no, fuch is 
the Shortaeis of humane Underffauid* 
ins* that it cannot cenaio^ be 


knnm : Therrlbre k may very vril 

be called Indefinite ftill. 

(3\ That titere fhomU he martj^ 
Worfdi, Jbe.) k it eridcnf, tine 
there may be flMoy Bafths ij^e thie 
Globe of onrs { that there may alio 
be many Sy ftems of Stars and Ftanets 
difpcrlcd tiwotigh die vaft Immenfitf 
of Space { ba: Whether there he • 
Btemtm or no, tbe tohole Uitiverfg, 
which any properly he called the 
fT^rld^ can of Neoefiky be Vet one. 

(4) 1 bat t bey are of tbe fame Kind, 
Sec.) This is eqt^ly tnie» whatever 
be the ^fience of Mitter. 


IX.LaJffy^ 
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11. La^1^9 We caonot aJErm, lint a YeiTel filled with n* na$ 
Lead (i) contains moxe ^fatter than if it were filled with Xih^ccl 
Wax, though it be heavier ; for Heavinefs is not eflential taiu an equal 
to Matter, but only Extenfion, which we fiippofe to be ^^^^/ 
€qual in them hpth. ^'^'^• 

12. That Notion alone which we have eftabliihed con- '«• ^^tthe 
fierniflg the Eflence of Matter, has been the only Priner- ^/^^''^ 
pie we have nude ufeof, to anfwer all the foiegoing Que- mah aDif* 
ftioos with ib much Eafe ; whence there is Room tooe- ^^^^nr •/ 
lieve,^ that we may with the fame Eafe give a {atisfe-aory J«%//**' 
Anfwer to maay mooe, if we lea&n in the fame manner 

about any of its Prapiertiis : The fijrft that offers it fdf is 
DkfifiUJityj whidi it the more copious, becaufeall its Va- 
riety of Figures depend upon it. 

(i) G^Htsitv mort Matter , &c.) wecrmetodttoiriepf theNatureef 
This it tbialtttdjr falfc, at fliail be Gravity. 
fully demonAratid afterwardij when 

C H A P. IX. 

Of the DrnfihtUty of Matter. 

WH £ N we confider a determinate Portion of Mat- i^rhat 
ter without Prejudice, and compare it with other Matter it 
Portions <rf Malter with which it is encompafled, we ea- ^'•">^^* 
(ily conceive that its particular Exiftence is wholly inde- 
pendent of'thofe that are near it, and that it does not 
ceafe to be what it is, l^ being joined or united to other 
Portions of Matter ; the firft Portion of Matter there- 
fore is feparable from thofe with which it is united ; and 
this ihows the Divifibility of Matter ; and the Poffibility 
of having its Parts divided into ftill kfler Particles. 

2. Indeed, when we confider the Power of God, and 2. o/Epi. 
his abfolute Dominion over all Things that are in the ««"»«*« '^- 
WorM, we cannot doubt, but that he is able to make J^^/Aolrt 
certain Parts of Matter of fuch a Nature, that there is no reafiydivi- 
Being in the Univerfe capable of dividing them j whence^^^ 
it would follow, that thefe Parts would not at all differ 
from thofe little Bodies, which Epicurus calls Atoms : But 
this Property of not being capable of being divided by any 
external Being, is arbitrary, and not built upon any na- 
tural Principle, but only upon a mere Suppofition, which 
does not alter their real Nature; and therefore we may, 
Wtwithftanding this, hold it for certain, that all Matter 

is 
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is divifible. The whole DiiEcuIty in this Matter is^> how 
many Parts a certain Portion of Matter can be divided 
into. 
^.TbatMat' 3. In order to folve this Difficulty, we muft remena- 
tir i'di^i. ber, that all the Variety that we can conceive to be in 
pt?«Ji fto Matter, arifes from the Forms which diftinguifh its Parts 
tan St of- from each other ; for of itfelf it is perfe£lly homogene- 
/£««/. ous, that is, all alike, being only a Subfbuice extended 
into Length, Breadth, and Thicknefi; wherefore -we 
cannot biit think, that whatever it is capable of in one 
Part, it is alfo capable of in all other Parts. As there- 
' fore we cannot doubt but that it is divifible in fomc 
Points, fo alfo is it divifible in all the Points that can be 
afligned. 
4. Tbaetbt 4. Now that the Number of Points which we can con- 
Numherof ^gjyg j^ ^ determinate Quantity of Matter (an Inch for 
jifnlhuin Example) is indefinite 5 there are many Demonftrations 
Matttr^ it in Geometry to fhow, one of which I fhall give, which 
' «1[^1''** feems to mc very eafy. Let two indefinite Lines AB, CD, 
jMatttris ^^ drawn parallel to each other, and at an Inch diftance; 
indefinitely then the Line EF, which is perpendicular to them, and' 
Ttb^^L ^^^^^^^ ^y ^^^^y will be alfo an Inch long. Then let 
Fig/i. ^^ Point A, in the Line AB,. be taken on the left 
Hand of the Line E F, and, if you will, at an Inch 
diftance from it, on the Line C D to the right Hand of 
r F, let as many Points G, H, D, fafr. as you pleafe be 
t;*ken, and at any diftance from each other ; to which 
let as many ftreight Lines be drawn from A ; as A G, 
A H, A D. Then it is evident j that the Line A G will 
pafs through the Point I of the Line E F j that the Line 
A H will pafs through the Point L which is higher; and 
the Line AD will pafs through the Point M which is 
higher ftill ; and fo on ; and becaufe the Line CD is in- 
definite, and an indefinite Number of Points, fuch as 
G, H, D may be tak,en upon it, it will follow, that Lines 
drawn from A to all thofe Points, will mark an indefinite 
Number of Points on the Line EF different from each 
other, and which approach nearer and nearer to the Ex* 
tremity E, without any one of them ever pafling through 
the Point E, becaufe the Line CD is fuppofed to be pa- 
rallel to A B. Wherefore, (becaufe the Length of EF was 
taken at pleafure, and the fame Demonftration hold^ for 
any other Length whatfoever;) we muft acknowledge^ ' 
that an indefinite Number of Points may be afiigned in 
any determinate Portion of Matter, and confequently that 
Matter is indefinitely divifible. 

S.This , 
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5 . This Truth may alfo be demonftiuted from this Con- 5* ^^nahet^ 
fideration, that there arc fome Quantities that are incom- ^J^fi^^^*\ 
JTienfurabk^ that is^ have no common Meafure. Thus, 
fuppofe AB CD jto be a Square, it may he geometrically ^*^- '• 
demonftrated, that the fide Afi, is incommeniliraUe to the ^^* ^ 
Diagonal AC. Let us then imagine in our Minds the 

Line A B, which is an Inch long^ fuppofe to be divided 
into an hundred Thoufand equal Parts j and every one of 
the{e mtb an hundred Thoufand other Parts that are equal 
alfo, and ag^n, every one of thefe into a hundred Thoufand 
other Parts equal to one another ftill; we may go on in the 
Divifion thus, for an Age together, without ever being 
able to come at Parts fo fmall, as to {s^y tliat the Line 
A C contains a certain determinate Number cf them and 
no more. Now this cquld not be fo, if Extenfion were 
not indefinitely divifible 3 for then after we had divided 
the Line AB, for inftance^ into as manjr Parts as it is 
poffible for Extenfiort to be divided into, the Line A G 
would necefiarily contain (i ) a certain determinate Num- 
ber of thofe Parts. We muft therefore conclude, that 
every Thing which is extended, and every Portion of 
Matter, is indefinitely divifible. 

6. This Conclufionof ^j/7^/f's, hathbeenaflcntedto 6. y/id^- 
by ail his followers, except a very few; and they depart- ^'^.^^^^l] 
ed from it only, becaufc they thought they contradifled ^*'*^ 
themfelves: For, fay theyj if two Bodies be fuppofed un- 

equal^ and if they c^ be divided indefinitely, it will fol- 
low, that the Number of Parts of which thp one is com- 
pofed, is equal to the Number of Parts of which the 
other is compofed ; and from thence it will follow, that 
they are bori) equal, which is contrary to the firft Sup- 
pofition. 

7. But here is a double Miftake. Fiirft, they did not 7* -^•* -^*- 
confider, that Equality and Inequality are Properties of -^/^J^'^ 
ftnite Things, which can be comprdiended and compared 
together by human Underftanding ; but they cannot be 
applied to indefinite Quantities whidi humane Under^ 
fbuiding cannot comprehend or compare together, any 

more than it can a Body with a Superficies, or a Super- 
ficies with a Line. But^ if it could be feid, tliat of two 
unequal Bodies, divided in fhe foregoing Manner, as the 

* 

(i) jfjcfrttm. ditermiagtt Nam* could be divUed al/b into them ; lb 

hr, &c.) ^or if the Lioe that one of thofe ii&aUeft Parts wuld 

*iai. I' A B could be dhided into be thecoamon M^ealare of the Lines 

Fig* %, thofefin^lleftPartSytheLine AB, AC, and ofaU «ther linet. 
A C, and aJt other Linet 

Vol. I. D Line 
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Line £F was divided, the Number of the farts in the 
One, was equal to theNuinber of the Parts in the Other ^ 
we could not conclude from tb€nce, ( i ) i^zt the two Bo^ 
dies themfelves were equal $ becaufe the Paris of the onc^ 
are bi^r in Proportion than the Parts of the other : 
There is therefore no Contradiction in this particular, butf 
the foregoing-; Demonftrat ion holds in its foil force. 

8. Others attack the indefinite DivifAility 6f fl^ttcr^ 
another way ; by feying, that k would from thence fol- 
low, that a fifuall Portion of Matter, fueh as a Cube, a 
quarter of an Inch high, might be divided into as many 
thin fquare Pieces, as would cover the whole Globe of 
the Earth, if it were much bigger than it is ^ which, they 
think, is abfurd. 

9. But thefe have no more Reafon of their Side than 
the other ; for their Objection is founded upon this fmgle 
Maxim of their own,. That every thing is abfurd^ which 
eur ImaginatiGn catCt comprehend: This is a very grofs Mi- 
ftake,aiid unworthy of aPhik)fopher,who cannot but know,^ 
that there are an infinite Number of Truths, which it is 
certainour Comprchenfign cannotattain to. • Many Exam- 
ples might be given of this, but I (hall content my felf 
with Two, both which relate to the SubjeA-we are now 
treating of, viz. The Sheets of Gold made by Gold- 
beaters, and the Gold Wire, made by Wire-drawers. 

10. In order to a clear Conception hereof, wemuftfirfr 
jfJ^ofGoid ^^^^y ^^^ ^^ appears bv Experience, that the Weight of 
madeiy ^n cqual Quantity of Gold and Water is as 19 to 2, fo 
Gold-beaters that if a Cubick Foot of Water weighs 7 1 Pounds, 


9. Aiftver* 


10. Cotuern- 


(l) 7 hat the two Bodies tbemfelvet 
are equal ^ &c ) What is l.*id of 
Qmnt:t>€sdecreafi'rg'nfirirely litt e, 
ms^y alio be unde:iTc d of Quntities 
incrcaiiag InRnnc y gi' at ; th<it is^ 
Quantities infVnlltly g'eat, are not 
therefore ail equal to e»ch other- For 
a Line drawn trom a point irfi'iirr- 
Jy, one wjy, is bu^ haji a Line ot awn 
.fjom a point infio^tely, Iwd way. 
An^ a Re£Hng'e of an linlimre 
HcJgih, upon a finite Bac, nuy. be 
ij ' &c of a Rcftaoglc cf an 
infinite Htight alfo, up n a p^cpor- 
tionable 15a<e. And, in Kete*< gene- 
cus Qu'ntities, an infinite L'nc, is 
not on'y not equal, but is iiifinit'eJy 
Ipfs tfean aninfeuite Superficies ; and 
an infinite Supe.licies, than an infi- 
nite folid Spaqe. And in alolidSpacu, 
a Cylinder infinite in Length J is not 


on'y not eipiil' in Quaathy, bat is 
reaiJy infinitely iefs, thananinHoltc: 
fojid Ipaco of two DimenfionSy vix* 
l«ength and Breadth j and an infioite 
iblid SpafCC of two D^menfioos, iv 
infinitely Jefs tlun an infioite Space of 
all the Dimenfions. Whence, by the 
way, itappee^rs, hoW weakly they 
argue, wko^ beeaule Space (and the 
lame -s true of Duratiuu^ may bedi^ 
vidcd into innumerable Parts whiclr 
are unecjuil ;'tflrf in infinite 'J fate- 
(or />»/•«/ /o»j^ the NwaJbcr of the 
Sreateft ^arts is a^ ipuch infisite as 
that of the leaft % which they think 
abfurd, becaufe they believe all In^ 
fioite^. ta* be Iss^li iii eVfty tef ped ; 
conclude. from Jieiicp, that there can 
be no fuchvThifsg at ail as Infinite 
Space (Dt iitiMtnn,) 


(i) a€U' 
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(,i ) a cul^iqk Foot of Gold will weigh 1 349 Pounds or (2), ^ 

^1584 Ounces^ (5) Now' a cubick Foot contams 

2^85984 Cubick Lines, and therefore ("4) an Oupce of 

Gold . contains 1 3 8%-9|| cubick twines. V^rofore ail 

Ounce of Gold, reduced into theFornipf aTJube, wjljl 

be (5.) very near 5 ■$ Lines high, and, its Bafe (6} about 

z6f-> fquare Lines^ This being fo, :the ;iext Thing to 

bp known, is, that the Gold-beaters maka out of an Ounce, 

oiF Gold 2730 whole Leaves of 34 fquare Lines each, be- 

fides what th^y call the Wafte, which is the finall Shxe(ls. 

that are cut off, and amount to almoft half: The Super* 

ficies of {7) every one of thefe Leaves is 1 1 5 6 Lines fquare^ 

Hsi that. if they were all placed r^ularly by one anptlier^ 

they would (S) make one Superficies of 3 1558^80 fqijafe 

Linesi tQ.wiiiph if we add (9) but a third Part, which is 

tjlje leaft that goes into Shreds, it will follow, tfiat a Gold-* 

beater makes out of an Ounce of Gold 4207840 fquare 

Lines. Now fincse this Superficies ( 1 o)exceeds the Bafeof 

a Cdbeof Gold df an Ounce welflit 1 59091'times'i ^km' 

certain^ that Tl^t Cube, which, ias was iaid before, did' 

not exceed $y Lines in Height, is divided into 15909^9 

iquate Leaves. 

Hi Though this Divifion of Gold be very furpri'zing, i^* fheDi- 
y«: it is very fer fliort of what is done by Wire-drawers, g^^, 
I have feeh feveral Ingots of Silver in the Figure of Cy- dr^ru 
lindeiB, which weighed eight Pounds a piece 3 one of 
them, which tiett^ to me more regular than the reft,* 

. (I) J culic FfioiM?/ GoH, ftc) i,'vcry nearly si though Syis fflU 
For 1 1 19 ; : 71 : 1349. ,,^^,, p^, ^^ Cube of 5^ is 

0^1^L;^3r.T^lZ'' ^ '37i?f i Aod the Cube of 5^ « 

Preftet.NauwL Ekm, MatbemM* 3. 'S^j^^-. 

Edit. I. fart. hb. 2. pag. 55. (6) Akout 26** fpuin Un^) 

(3^ Nnv a cubic Foot)T\xt Propor- For the Squaxe of 5± ia pretty 
tion between a Line and a Foot, U nearly a6* » 
as I to 144 J now in this coatinued , . Eni^lm rftiefi LcM^tx) For 

i.29S598>:Thcreforel«.caufc^^^^^ ^^ the Squhre of which ia 

areinatriphcateRatioofthcirSides, t, J 

. cukic Une U to . cubic Foot, .. , lt)Mah^ StferficU,) Multiply 

» 29« 59J4 t^t IS, z cubK Foot , ;^^ ^ Ntunber^f fijuare Line, in 

coDtams «98598+ LiDM. one Leaf", fcy 4730 thi Number of 

Foot of Gold, which weigbs»is8* ^ '^ ^ ,^.^j p^^To which 

?rf Vk"°?""k„ '.K^f*!! ~^ Stoiertcic. if we «i4 a third P«of 

«9«5984^.«L«„ : , . 0««: ""(![: ♦^:^;:r;*. if./.) that i^ .h. 

»3»tHt4 ^^' *'""• Superficiea 44O7«40, contdm tkt 

is) y^y mat sJjj, Limt btgb) Bafe of that Cube, cr 26 Ji,i 5909* 

FortheCube Root of J3«'Ul|^ times- 
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wa$ two Foot and eight Inches long, and two Inches' and 
xune Lines about ^ fo that (i) the Cylindrical Superficies 
was 12671 fquare Lines. After this Superficies was co- 
vered over with feverri Leaves of Gold, which all together 
weighed ha)f an Ounce ; the whole Cylinder was draWH^* 
through Holes made in a Plate of Steel, till it became 
fuch as the fmallefl Wire that is made in this City ; I took 
t$ Fathom or 150 Foot of it, and weired them in an- 
exaA pair of Scales, and found that they weighed but 36 
Gtains, v/antingabout ^xof a Grain. Wherefore(2) the 
whole Cylinder ought to have been drawn into a Wire of 
3 07 2 00 Foot long: Whence it follows, ( 5 ) that it is i r 5 200 
times longer than It was before, and that its Superficies ia 
become (4) three hutidred and forty times ad much. To- 
which if we add, that when this ftnall Wire is made into- 
a thin plate, to cover Silk with, (sJtheSuporficifls-istwioc 


{jyTbk Cylindrical Sttftrfigiei)¥ot 
two Feet «n4 eight loches (that is 
3,84. Lines) which is the Height of 
the Cyiindtr, muitiplied by two 
In^es and aiae Line* (thjit is 3} 
Lioes) which it the Circumfereoce 
of the Safe, makes ii67z. 

(a) The whole Cylinder) Ftrft let 
the whole Cj^oder (which i as was 
fjiid'hefore, was 8 pounds)^ be redu- 
ced into Cnia(h 


^8 Pounds by i6, 
^ which makes 128 
Ounces. 

128 Ounces' by 8, 
which mskes'io»4 
Drachms. 
1014 Drachms by 
3, which malces 
3072 Scruples. 
3074 Scruples by 2, 
which make8^i44 
half Scruples. 
6144 haif Scruples 
by II, which 
. makes 73728 
>*. Grains. 


by multiplyingv 


Then by the. foUowiog Proporti- 
on J 36 Graitti :- 1 50 Fett ; : 73728 
Craim : 307200 Feit, 

(3) That it /'i 1 J r ijQo timet longer) 
JFor multiply 2 Frutand eight Inches 
(which is the Length of the Cylinder) 
•r 32 Inches'byi 15200^ an<]bltwill 
nake 3686400 Inches^ - that is, 
307200 Feet (the length of the 
whole W&c.) 


(4) JBrit ttuiHrei Mifd forty tit 
at wuich) Let the whple Cylioder of ■ 
Silver which is to be drawn into 
Wire, be dialled A, and fiippefeano* 
thef Cylindfic .9 of an eqaal Bde>: 
but 1 1 5200 times higherj and let 
the Cylindec of Wire be called C It 
is manifeft that the Sttp^rfities of the 
Cylinder B^ and .th^ Supeificies^of- 
the Cylinder A, are to one another 
as 115200 to I, that it, as th« 
Height of the Cylinder B to the 
Height of the Qylinder A,, tbeU is ^ 
as the Bafe of the Cylinder A, to the 
Bafe of the Cylinder Bt ( ^or the 
Bafes of eqtia) Cylinders a^e ^cipro* 
calJy as their Heights) that is, as the 
Bafe of the Cylinders, to the Bafe 
of the Cylinder C. Now if we fup- 
pbfe, according tn Ckvalhrius' t'D^Cm 
trine of Indivifibles, that the Super- 
ficies of Cylinders cbnfift of an infi- 
nite Number of Circumferences of 
€ircles equal to- the Bafes, then the. 
Superficicsof the Cylinder B« will be 
to th« Superficies of the Cylinder C, 
as the Circumferesces, or as the Ra* 
dius*s of their Bafes ; now the Radi- 
us's are to one another in a fubdtipl:* 
cate Ratio of the Area's of the Cir- ' 
cJes: If therefore the Superficies of 
the Cylinder B, be fuppsfed r 1 5200, 
the Superfides<if the Cylinder C will 
be a mean Proportional between 
1^5200 and I (that is, 340 Tcry 
nearly) and the Superficies of the 
Cylinder A will be i. ^ £. i>. 

(5) *fk* Superficie* it twice as iig) 

U th« CyUfiisr be m^de j^at, 1^, 

whcle 
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as big; fo that it then is encreafed to fix fauodred and 
eighj^ times as much as i{ was at firft, (6) and therefore 
contains 8616960 fquare Lines. -Now after this Wire is 
made into To thin a Pl^te, its Superficies is (HU covered all 
over with Gold ; (o that only half ah Ounce of Gold 
with which the Plate is covered, is made fo thin, that its 
Supeilicies is 86 1 6960 Square Lijaes; (7) Which Super- 
ficies exceeds '325795 times the Bafe of ^ Cube of (Idd 
of an Ounce weight, and twenty fix £quare lines and |$ 
in Bi«adth; from i|i4ieiKe it follows, that the Thicknefs 
of the Gold which the Silver. Plate is covered with, is not 
above tvTTTr (S) of half the Ifc^t orTrrfrr of the 
whole He^t of a Cube of Gold pf .^m Ounce weight ; 
fo that the C^iantity of 5^ Liaesi is 4ivided into 65 1 5 90 
tfqual Parts. 

• 1 2. If we confider farther, that Gold k capable of be- «*• Thefirt^ 
ing divided fHll more, if there were any Ooooiion for it^ ^^tuT/lf 
and above aU, if we confider that what we have iiow ex- tbt Divtjion 
amined ss done by Msny zfxd with Inftruments that a» tf Mattn-, 
•very grofs and dull, and that there *re in Nature many X^2*k^ttr 
Things, which are vaftly more fine and fubtile ; we ihall judgment 
clearly fee, that what exceeds our Imagination, is not ^ff^ Power 
therefore impoffibk 5 and that it is no^t for us to prcfume, ^ *** 
as many do, to (et Bounds to the power of God, 

13. Laftly, we are carefiiUy to obferve^ thatTtetDi- 's- '^^^ 
vifion which we make in our Minds and Imaginations, J^,^^** 
makes no Alteration at all in Matter, but that all ttsiwitb^M^ 
jDIvifion arifes from Motion ; that is, in order for a Por<-'<0«* 
tion of Matter to be really divided from that to which it is 
united, it nxuft neceflanly be fepaiated from it. And 
hence it is, tYat Motion is fo neceffary^ aad the Knowledge 
of it fo uiefiil, that Ariftatle fays, that he who does not 
widerftand Moticoi well, muft nec^ifaxily bp ignorant pf 
<all natural Things* 


srliole Svperficiet it mtit ioto two 
PanUelognnu, which becaufe they 
Jle one upon aiiother> form a thb 
Panllelepipcdoii, capable of being 
inaiie as diin again, wUdi it done by 
the Workmeo» ^ho beat it at thin at 
they can, fii that the Snperficies of 
the Cylindtr la thereby doubled. 

(6) jitid ther^v m«/4Um) Malt{«> 
)ply 13672^ the Superficiet of d^ 


Silver before it ittoteo,by 680, and 
it will make 86x6960. 

(7) H^biekSuperficietexeetdt)^^ 
iride &616960 by 26 *.| and it will 
s^alce 31^795. 

{i) O/balpbi Hagbtpcwih tho , 
Gold mth which the SilTer Wire It 
covered waton^ half an Ounce» tha^ 
is. half aC^beof Gold of an Ouoce 
Weight. 


Ps 
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C H A P, X, 

Of Motm an4 R^ft* . 

BECAUSE it is eafier tdt undeiribnd what Mcvtion 
is^ by- Experience, than ta gi\ce. a Dilution of. it, 
<^ to .find outthe-Caufe, I {bah liere make uft of a £1- 
miliiar Ex^nple^ agreed upon by. all^ which ma^isrvcto 
expfein to us the Natui;^ of Motion. 
x.WbatitiK>, u SupoQfe a Man iq a calm day walkitig an Eootin 
tobemf>vi4. ^P^rk pfeuitedwith Tr^ and that at thcBBgianing Jie 
k pb^rved to be between the firft Trees in. the Walk, 
^nd then between the Second, and fo to ooatinue on 
- ' -walking tiU he comes-at tl^ End ; no Body doubts> but 
. , the Man tbu& Wa^kfiig^moves, and that every Step he taikesi 
^ is a' i^ Motion; Confider now, that ttie Motioa. of 
. ; 4rhis>.Man is fomething new, which was ^ not in hinxb&r 
C<&re ; and then if we take an exaft Account of what, wc 
. 'CoaceiTe to have come to^ him* fince hfi> biegaa to be mo- 
ved, and rejeft every -Thing which wc cercaiMy kjnow h 
not Motion, we are fure tkit what remains, is, without 
doubt, the Thing We enquire after, and that (bs will jbow 
-wherein Motion properly confiih^ 
^»^d/ "2. Now becaufe We do not -acknowledge a ^i7£zr2/2», a$ 
l^etatT^' I>^^ritu»zn^Epkurus did, therefore wc cannot f;iy wkh 
-' tkem^ that this Mkin whidi we are fpeaking of^ appfifi^ 
iiilnielf to diflferent l^arts of Space, becaofe we do not 
4iftinguifli Space fr<)m. Matter as they;did> whereforein 
the Example now mentioned, there. are tlnee Things to 
b(i confidered by us. Firft, The Defirc of walking in 
the Man; Secpndly, the Effort he. makes to put this 
Defire in Execution: And Thirdly, ThcCorrefpondcnoe, 
or the fucceffive Application of the external Parts of this 
Man, ■ to the different Parts of the Bodies whfch cncom- 
pjafs him, and icnnpiediately touch him. Now it is.eyj^ 
ifent, that ^^^ Dflfire^which tl^ Manha^, . i5 not the Mo- 
tion of him ; for Defire id-nothing but Thought^ and;we 
?^cknpwjedge niany. Things iq be moyed', wjiiqh ^e dp 
not allow to haveany Thought. SolikeyB'jfe we ouditnot 
th think, that the Motion of the M^n ;c<^n§ift^ in tne Ef- 
fort which he makes* towards Walking: For though' we 
may truly fay, that all Bodies which move, have an Ef- 
fort (as we know they fometimes have, though they do 
not move) yet we are rather to think, that this Effort of 

th^ 
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the Caufe of the Motion, and not the Motion itfel£ 
Nothing therefore remains but that Motion con0s in the 
(f ) fucceffhe Application of d Boify to the different fi'afts oJF 
ihife Bffdres which are immeMately about it ; wHente it 
follows afib, that the Rejixff a Body, is the continual Jfffi^ 
eatim of that Body to the fame Parts of thofe Bodies which 
are about it and immediately tmch it. 

D 4 3. b 
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(V] SucctffitH AppUeatkn^ a Btf- 
dfi k^) TheDirputeftbpattheNft- 
ture ^nd Definition of Mothnt a- 
IBDoagft the Writers of Pbiloropby^ 
lus always been very perplexed- I 
fappoify bef:aufey not fafficiently at- 
tcndiag to the different Senfes of an 
amhiguoue Word> tbey endeavoured 
to Gompreiienid- that in one Deflnlti- 
«n, which ought to have been very 
«3n£lly diAingttiflicd into its differ- 
ent Parts. That Mothn (or rather 
iht EffeA of Motion) in general, 
it a Tranjlation of 4 Bx>dy from one 
Plasito anotbtr^ is pretty wfell t*- 
greed amongft then allt But what 
Is meant by keing tranjiatedfrom ont 
flace tf another, here the Goatrc^- 
verfy Ues, and PhiJofophers di^ ' 
9videly. They who define Motion by 
comparing theThing which is ndoved, 
not with theBodies th;it encompafsit, 
but only with Spate which is in>-- 
movesible and infinite, can never 
know or underftan^, whether any 
Sody at all reib> nor what the abfo- 
J«te Celerity of thofe Bodies that are 
moved is$ for befidss, that thbwiiojie 
Gl^ht of the Earth revolves about 
theSun^ it^an never be known whe- 
ther or no the Center' of this whole 
Syftem, in which all the Bodies re- 
iating to tts is oontiined, reds, or is 
moved uniformly in -a ftreigkt Lin^. 
Again, they who define Motion, by 
icotaiparing the Thing which is ino- 
vcd> not with infinite Space, bat with 
idther Bodies, and thofeata very gre«t 
Dtftanee, thefe neceiTirily make 
feme Body the' Macrk by which all 
Motion is to be raesfured ; Vi^hich, 
itfhethar it feif is at reft, or, with rcf- 
peA ta Bodies at a ftill greater di- 
flAnce, is iS^oved, is imp(^ble tobe 
known likewie. Ltftly, Thryiwho 
define Motion by comparing the 
Thing which tliey fay is moved, nht 
with diftant Bodies, but only y^^ 
that Superficios which immedUt^^ 
touched it i it is very weak in them 
to iky, that thofe Things «re truly 
at reft> which being coanc^ed with 


the Particulars of other Bodies, are 
moved w'th the greateft Swifcnefr$ 
as the Globe of the Berth wfc'ch is 
incompafled with Air, and revolves 
■bout the SuQ. And oh the contra-' 
ry \ that tbey only can be faid to be 
moved, that with the utmoft Force, 
and Rcfiftance which they can make, 
can do no more than batefy hinder 
themfelves from being carried ali9n| 
with other Bod'es, as Flihes whidi 
ftrive agaihfV the Streanr. 

But if we rightly diftiagoifll tiw 
di^acflt Seofes of the ambiguAH 
Word.thi; whole Mift w^ll immedi- 
ately van*fh. For a Thing in Mbr 
tion, may be confidered in three 
Hcfpedi ; by comparin| it n^th tke 
Parts of infinite and immt>vtaite 
Space, or with Soditi tbdrfurround 
it at a diftance, or with'f*<if Super' 
fides vahieh immdUtely touches if. 
If thefe three Cohfidetations be esp- 
aaiy diiiinguiihed into ihkix feversl 
Parrs, all future Difputes about Mo- 
tion will be very eafy. Firft tlie<i, 
a Thing iti Motion m«y be compared 
with the Parts of Space \ And; bd- 
caufe the Parts of Splifce afe infinite 
and immt^eable, and cannot under- 
go any Change like Matter | theifefrire 
that Chsnge of S'toation, which is 
made with re'j^-a to the Parts of 
Space, withottt any regard had to 
tfce Bodki, wb*ch encompAfs it, may 
righrfy bs called, ithfotutely andtniiy 
fropir Motim. Second'y, a Thing 
io Mention may be compared with 
diftant Bodies, and becaufe a Body 
may in this manner be transferred 
along with other Bodies whith iiQ- 
mediatety furi^nd it ; therefore that 
Change c^ Situation which is made 
with refpeO to thofe Bodies which 
at^' at a diibihee, and not to thoik 
which are near, may properly be 
called , relatively common Moti6n, 
' LaiUy, a Thing in Motion, may be 
compared with theSoperfieies of thofe 
Bs>diel whteh iramediatdjr, touch it c 
And becaufey whatfi>erer is thus mo* 
yp^f may po^biy hiTC no nbjoluf 

or 


1 
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J. In ord$r 

to dfterrmm 
whether a 
Bidy btin 
MtfittMi or aOf 
there is no 
Iteed of com- 
fari^ it 
jfffitb Bodiet 
ff a difianfit* 
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Partly 


3. It is to be obieryed here, that when we fpeak oC 
Motion or Reft, we always mean an immediate Appiica-> 
tion, and have no Riqgard to the Relation a Body flands 
in to Things at a diibnce, any further than to confider 
fuch fort of Relatipn . as a niere external Denominadon 

only 


^t eommon Motion mt alJ (at if an 
Arrow were flioC towardt the Weft, 
with the fime Swtftnefs, that the 
Earth tarns towards the Eaftj) an^ 
on the contrary, that which in this 
refped is at reft, may reaJiy be 
transferred with both nhfoiutt and 
c9mmon Motion (as Bodies hid in the 
Bowels of the Earth) therefore that 
Change of Situation which is made 
with refpe£l to thofe SnperBcies, 
which immediately touch the Thing 
nwved, may rightly be called Motitu 
fflativiiy fropgr, 

Firft, Al>filutely and truly propor 
Motion y is the AfpUeatiom of a Bedy, 
-to the different parte of infinite and 
3mmovea6/e Space, And this is in- 
deed alone abfolnte and proper Mo» 
tioe, which i| always generated and 
chan^ by the Forces tmprefled up- 
on the Body that is moved 1 and by 
them only ; and to which alone are 
owing the real Forces of all Bodies to 
.move other Bcdies by their impnlfe, 
sind to which they are in proportion 
{^e Newt, Prindp. Book I. Def, 
s^f-.t.) Bat this only tmo Motion 
ctmiot be found out or determined 
by us, nor can we diftingnifti when 
two Bodies any way ftriJce againft 
each other, which the true Motion, 
and confequeotly the true Force 
from wbenpe that Impolfe arifes, 
belongs to i whether to that which 
feems to us to mo¥e iwifteft, or to 
that which moves fbweft, or per- 
haps feems to be quite at reft ; be- 
caafe it cannot bfi demonftrated whe- 
ther the Center of Gravity, as was 
faifi before, or of the whole Syftem 
(which we may prcperly enough de- 
fine tq be, One Point in Infinite 
iipace y) be at ttfi or no, 

Stcond'y tMot(oH relativelf cpmmen 
IS the Change of Situation which it 
made Vtitb refpeSi, not to thofe Bediet 
^vhicb are near eft, but to feme that afe 
fit a diftance. ^vA this Tot t of Motion 
we mean, when we iay, th^t Men, 
and Trec9» and the Globe of the 
£arth itfelf revolve about the Sua : 
.f\od v^e xgeiA thii Moticn ^liio. 


when w« confider (he Quaatitjr 9f 
Motion, or the Force of a Body ia^ 
Motion to ftrike againft any Thing* ' 
For Eiample, when a Ball of Wftod, 
with a piece of Lead in it to make 
it heavy, is thrown out of our Hand^ 
we commonly reckon the Qtturtity 
of Motion, or (he Force with which 
the Ball ftrikea, from the Celerity of 
the Bali, and the Weight of the io- 
eluded Lead together. I Ay we tam^ 
iBOff^ reckon it io^ and indeed tni]jr» 
with refpeft to the Force itfelf, or 
any fenfible Eftea of it { but wher 
ther that Forco or true Motion be 
really in the Ball that ftrikes, or 
in th^e Earth which feems to be 
llruck ; this, aa was faid before, 
we cannot certainly determine. 

LaftJy, Motion relatively proper^ u 
the futcejjive Application ef a Body to 
the difierent Partt of Bodiet tobick 
immediatefy touch it. And this 19 
the Motion we generally mean in 
Philofophicsl Difpntes, where we en- 
quire into the Nature of particular 
Things> as when we fay, that Heat 
or Sound, or Liquidnefs, coofift in 
Motion. Bat particular Notice ought 
to be taken, thztithefucce^e Applim 
cation tf a Body, is fo XA be under- 
fiood, that it if to be appKed fuc- 
ceiBvely to the diiSrrent Parts of the 
Bodies immediately touching it,«f>& 
it% whole Superficies taken tegetber 
{par tout ce qu^il a d'exterieur, le 
the French €SLfttt[tt it ; ) as when a 
Ball that is thrown, glides againft 
the different Parts of the Air with 
its whole Superficies) and when our 
Hand is moved up and down^ it is 
iucceflively applied with its whole 
Superficies, to the d fFerent Parts of 
the Air on the one Side, and of the 
Joint by which it is Aftkied to the 
JSody on the other Side* It was to 
ao purpofe therefore for Mr« Le Clerc 
to find fault with this Definition, 
in his Pbyf, lib. 5. Chap. 5* Tr Vfifl 
follow f fays he, that the Banh an4 
the Channel of the River are as 
much. moved at the Water, beeaufi 
tt^ are at far rtmevfdfnm tbg 

fTatr 
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only, which makes bo Akeration in the Thing, and which 
18 nothing real in t(he Subject under Confideradon. Thus, 
the Man whoni we fuppofe walking amongft the Tiees> 
may alfo keep at the fame diflance from the fame Parts of 
the Water that runs in a C&aal juft by, and yet we don't 
fay that he is at reft ; and another Peribn fitting in the 
Walk, may be againft different Parts of the Water, and 
yet we don't fay that he is in Motion. Whence it follows, 
Xhat they are very much miftaken, who, in order to de- 
jtermine whether a Body be at Heft, pr in Motion^ com- 
pare 


+1 


Water that runt iy, at tU Water it 
frem tbt other Parte ef the Channel 
and Bankt. Bot tile Oifeof the Wa-* 
ter is Tcry il^ennt from that of thf 
Bftiiks. ' The whole Superficies of 
fht Water is fucceffiYeljr applied to 
4ifferent Parti of the Bodies whidi 
forround it, and immediately touch 
it, and therefore is transfenwd from 
fi)me of thofe farroondtag Bodies to 
otharsf B\it the Banks are pertly fix- 
ed to the Barth, and therefore are 
Bot transferted from thofe Bodies 
which immediately fiirrouad them* 
jFor whj;n ytp fay> th?t ^ Bo^y is 
transferred, we mean that the Whole 
of it is transferred* Wherefore aA U 
Hand fUcking up in the middle pf a 
Hirer, is notmorcd (notfo much as 
with this mererelati^fe Motion) tho* 
tfi* Water fiides by it, becaoie it is 
firmly fixed in the Earth, and is not 
transferred from that which imme- 
diatelv touches it. So a Body e qual - 
i^ ppafed in a liquor whole Parts 
run upon it with equal Foice> is not 
moved \ becaufe though every parr 
tienlar Part of the Superficies of it 
be xsnerf Moment applied to dific- 
rjSot Parts of the Liquid tiiat itxf- 
roundjS it, yqt the whole Superficies 
of it ie not transferred at once from 
the concave Sqperficsei of the Farts 
which furround it, cpni^deKd as one 
whole Superficies* 

Further, according to thefe diffe- 
rent Definitions of Motion, are we to 
Uttderfland tlie Word FUice in dif- 
ferent Senfes* For when we fpeak 
of trnif or rnhfohteif ^ofier Metioa 
(•r /^P $ ) then by Piaeo we mean, 
f hat Pare of infinite and iwmavtahle 
Spau whifh the Bodyfojkjet ; when 
we fpeak of Motion relatively com- 
p9n, then by Place \s meant, a Part 
of font/ Articular Sfaee or auven^ffi 

P^'J^it wbicli f lac« itf^ U 


truly and properly qiovejj alon^; with 
thst which is placed in it : ^nd when 
we fpeak of Matioa f^tMyfreptr 
(which indeed is very improper ) 
uen fay Place, is meant the Sufer/t" 
eietofthe Bodiet (otfen/thleS^ee) 
which iaemediatefy fiirrouudthe thing 
ittwed. As to the Definition ofR^, 
all are very well agreed in it : But 
whether Refl be a mere frrvation of 
Motion, or any ^Thing pofitive, this 
is iharply difputed* Cartel and fome. 
others contend, that That which is 
at Reft, liae feme kind of Force, by 
whic)^ it (CjOntMiues at Reft, and 
whereby it refifts every Thing that 
would <iiange its State ; and that 
Motion may as «cU be called a CeP> 
ration of Reft, as Reft is a Ceflatioo. 
of Motion. Mateb'rMcb in bit En-' 
fairy after Truth, Book 6. Chap* 9. 
and others, contend on the contrary, 
that Reft is a mere privation of 
Motion i their Arguments may be 
feen briefly explained in Mr. Le 
CUreUpfyJ, Book 5. Chap. 5. One^ 
Thing only I would obferve by the 
way, relating to this Matter,and that 
is, tkzt Malehranch and Mr. Le 
CUre, who follow Ida Opinion, in 
the fbllowifig Argument, beg the 
Qoeftbn. Suppofe, fay.they, a Ball 
at reft $ foppofe that God fiiould ceafe 
tp Wfll any Thing con^ning it ; 
what would be the Confcqiience ? 
It would be at reft ftill* Soppoie it 
be in Motion ; and that God fliould 
ceafe to Will that it ihould be in 
Motion, what would follow then ? 
It would not "be in Motion any lon- 
ger. Why not ? Beauie the Force, 
whereby the Body in Motion contiou- 
ed in the State it was, is thepejitive 
Will of God, but that whereby it is 
at Reft is only privative : This is a 
manifoft begging of theQueftion. In 
reality^ thp Fme QX Tendency by 

vhi?h 
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ftieit with immoveabk Futr wliich thejr imagine to be 
|)eyo0d the Heavens, wfaeie it i» vciy imcertaifi^ whctii^ 
tbece be any Parts of Matter more immoveable than tfao& 
near us. 

4. jtfi' 4* Having thus exphuned the Nature of Motion and 
mMrkstbln- Hjof^. ^j^^n we&e a FiOi in the River keeping it fejf for 

iim%ndrf ^leidier the Stream which furroonds it, carrying it down- 
*»^*»^ ward, nor its own Force, by which it drives againft tfce 
B^dyatM^. Stieari|, carrying it upward, we fay that it is really in 
At^iony becaufe it really agrees in every particular, Mnth 
another in a Pond, which is hy all allowed to be in Mo*- 
tion ; foEC the Effort of the Former , makes it to be fiic* 
fififfively applied to the different I^ts of the Running 
Stmm, in the feme manner, as the Efibrt of the< Latter, 
makes it to be applied to different Barts of the Water in 
the Pond. Oo the contraiy, when we fee a Stake float- 
mg on the Water, and carried along with the StieaAif we 
£iy that it i& at Keft, becaufer it is inposnpaffed with the 
fiune P^rts (which is the general Reafon why we £iy a Bo- 
dy is at Reft) though at th^ fame tini|t^ the Stake and the 
River. tog(etfa«r». are but one Thing iA Motion. 

5. rbatn 5^ When a Fifh that move$ itifelf in the manner now 
y-^jj** defcribcd, is not carried along with the Stjieam^ we are 
V«/^ ^"^ *^ *^%» ^* ituefiflsthc Stream 5 fowhen a Bbdy by 
wm to- its RefiAance, hinders itfelf from being carried along with 
noofdt tbt another Body with wJuch it is. entirely furreuadcd, we 
Jl^f '-^ may as well fay, that it movcK the contrary way. 

6. Tbat ^' Becaufe we cannot conceive any ApfJication to 
Motion and diBerent Parts, without iuppofing a. Body £b applied-, fi 

J^V"* *^ Moli)n depends iKsccferily upon the Thing moved^ 
^ ' w' therefore we are not to think that Mb'tion is any real Being, 
frt each of but Only 2. Modx of the Body in Motion ; andfeKkcvrife, 
tbmbut that Reft is only a Mode of the Body whidh is at Reft 
mtllT '^ Whence it foHows, that Motion and. J2^ add nothing 
more to the Body in Motion or at JSi^, than R^t doe^ 
' to a/^^»iW Body ; and fince a Body niay eithpr be moved 


which Bodies, .whetherJit Motion or 
at R'tfi^, continue in the State ia 
yrfaich they ooae ate ; is.. the mtrt 
Jturfia of Matter ; an4 therefore if 
it oouU be» that Qod fliould forbeai 
willing at all^ a Body • that is once 
in Motion,, would moviC oo for ever^ 
as well as a Body at Reft, continuo 
at Reit for ever. Aiid the EBfea of 
^%Uirfid,Q{ Matter is. (his j that 


all Bodies refiftin proptntMn to th;efi> 
Denfity, thftt ii^ to thrQnBttdty of 
Matter contained in them; and 
m»*y B'dy^ ftriking' opow aMthef 
with a gwM Vtheity^ whether thit 
other bo greater or left, nftvtis^iVlii 
proportion* to -the D^fityorX^amliy 
of Matter ia. the one^ Co the D^- 
fity or Q^uttity of Matter ih' tim 
other. ^ 


or 
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py npt moiyed j w^ concM«» thai Mptiw aMIM: aae 
p»^X accidef t^ to J/f^er. 

7. Motion h^ ajway$ Iwn acknovrfi^dged to te a S|»- 7- J5&w ## 
cies of Quanwy, vbib is mcafure4 wrdjr by the^ Length ^^,^' J 
of theXine, wMch the ^pjy ia JVkxio^ nipa; fer Ex- M^tm. 
ample, whi^ a i^y 0/ a ^Vfii BigBfifa) fiippc^Sta CuHc 
,Fotiy ix^vesa given Spa^e, fuppofe^^^r ^^, ise call this 
a d^temunate Quaiitity of Motion^ aod it ig t^e or thrios 
as much, if the fame Bojjy vx^ i>o QT 180 Foot,. 

«• Iti^alfoijartjy m^ftfe*red(Obyt^^ ^ 4»"W 

tcf which j(no¥€^ together : For ^rsm^ If » Body of^^r^J*** 
,pji/Q,Ci/ilbic Feet niop thro' a Liw/|fl{|^iFflii^ i&^ itJhastwkel^^irf/f^ ^ 
^ much Moticm, ;^ a BQ4y- of one C^^&; jF^ vUck nuis ^//mik , 
tbroMgh the (aaaeLine: pQr ii is eyicimi, that we ought 
l^iDt reckon a^ XW^ Motion, in each hftlf of ttip Bod|r of 
$iw> Feet, a^ in tb^ vrhol^ Body of oije Foot. 

9, When£«( it^ follows maaifeftly; tjia^ m. order for9. iCw/w^ 
unequal Bodlfis to haye equal Qlj^^ti^ of Motion, the ?'^'' ^^^ 
Line« whi<;^ they HiiathrQugh^ oingbt to h? ia reciprocal i^lT%uii 
Propor^on to their Bulk. Thuii^ if ojRc Bady: he throe s^tMitiet 
times as big as^ the other, th«? Line wbkk it mn^through, *^ ^«f'««. 
mgbt to bebut a third Piart of that^qf tlKtfitfafr. 

10. When t=my Bodw»hiing:at theKEnda^cf a. Balance 10. o^ 
or Leaver, atre-toone another, in n»ipr0C3»tBfi)portionJ^^^^^w' 
to thw Diflwpes, frofl* the &K«d Pwt.; th^y muft n©- /jS^^** 
iQB(I^Til^9 wh^ thf^ ar^mpFed) ddK:rH>rLinc8^ichai£i74//tfWtf 
to each olfcer, in leciprcieal Rrosportiottito their Bulks. ^^^tL^ 
For Exan^pk: K the Body A bethf«jtimeafl^'bigas the ^1^, ^^^ 
Body 6, arMi: the(f^ Bodies he fo faftned.to the Ends of the Fig. 3. 
Leaver AB| wh^Boiot C isiixed^ that the Diftaxice BC 

be three ti|nf» at mteb a$. tbi^ Dit^mctl AC> th^ Leader 
qipnot incline- eithil$ to the one; Side or thi^ Other, but 
the Space B£. ajpog whkh. the iei&jt Body is akoved^ vdH 
be thre^ times as much as the Spaoe ADi along which 
the greater Body is mov^d ; wherefore the Motion of the 


(i) Bytbt Sludfitity if Maittr) 
Tbat iffy of the Matter which be- 
Iragi properly to the Bbdy in Motfcoj 
For, the fubtUe Matter^ iC there he 
loy^fuch Thing,with whieh the fmall 
Pore* of terrelh-ial Bodies ftre filled', 
is not traosferred aloog with theooi^ 
with the* (ame cpnindo Motion i 
Therefore if a Ball of Iroox and .a 
B»llofWoo^ of the fame Bjgne^ 
be moved with the &me Cderity^ 
there wUl be more Motion in the 
likllof Iron, thaif in that of Wood. 
So fikewife^ Jf tFp c<}nal leaden 


BfOs, the one folld, the otb^ hollow 
"and empty, be moved with the fame 
Celerity { tbe> folld Ball Will have 
«^>K Motion tfaaa^ the hoHo^ One, 
and wiil Ifathe^a Body againft which 
it is tJhvowa wi^ grei^en F^rce. Aod 
th^/^a«fiity;of- Mittce which iapr«. 
perly contiiSjied inrsi^ -Body is to be 
doterminedbyiita Weight. Wher«> 
foFO thq ^astit^t of Motxon.is not 
to benealiiflsd . hf the .Gderity.and 
Btgoe6* hut- by the . €derity and 
Weight .of the. Body> in^ Motion ^ 
4Rbi^;i$ 0i«:t^ly4ovhe oUhnrod^ , 

one 
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one Body, will be exa£U}r equal to the Motion of tlie 
Other. This being fo, there is noReafon to think, that 
the Body A, with four Degrees, fiippoie, of Motion 
downwards, (hould lift up the Body B with four Degrees 
of Motion, rather than the Body B with four Degrees of 
Motion tending downwards alfo, (hould lift up the Body 
A with four Degrees of Motion ; wherefore we ought to 
think that they will be in aquilih-iff, (i) And this is 
the Foundation of Mecbanicks, 
11. Y^ 1 1. So likewife when any heavy Liquor is contained in 

ntoftm v>hy an inverted Siphon, whofe Tubes are wider one than the 
X/jtfflrf A«/. ^jjgj. , If. ^g imagine the Height of the Liquor in each 

^g,^y^ Tube to be divided into a great many equally thin Planes, 
one of thefe Planes in either Tube, cannot by finking 
faife the Liquor in the other Tube, but the Sinking and 
the Rifing muft be in reciprocal Proportion of the Quan- 
tity of Parts which fink to thofe which rife. ThtB, if 
Tib. 1. the Width of the Part AB, the larger Tube of the Si- 
Pi|« 4* phon ABCD, be a hundred times as much as the Width 
of the Part C, the ftraiter Tube ; and confequently, the 
Quantity of the Parts of the Liquor in the Plane AB, a 
'hundred times as many as the Quantity of Parts in the 
Plane C ; then the Rifing or Sinking of the Parts on the 
Side AB, will be to the Rifing and Sinking of the Parte on 
the Side C, in a centuple reciprocal Proportion : Where^ 
fore the Motion of all the Parts in the Tube AB is ex^ 
aaiy equal to the Motion of all the Parts of the Tube CX 
So that they in the one, are no moreable by finking, to raife 
thofe in the other, than thefe Latter are able by finking 
to raife the Former. Whence it follows, that if each 
Tube be divided into an equal Numb^- of Planes, that 
is, if the Liquor be of «ui equal Height in them both, 
(2) it muft keep it felf in ^tqidlibrh^ ntAt& diikurbed by 
ibme external Caufe. 12. Snce 


( l) And this it the Foufiddti&n 9f 
JiStcbsnickt) Upon thU it built that 
iamous Problem of Arcbi' 
Tabi I. «'<^'* A^ srpii f •» ^ ri» 
Fig. 3» yiff 9Unfir», Tctatvesgir 
' vem fFeigbt tuitb # gi*viH 
Foret : For by increafing the D^ 
fiance CB, the Force of the Body B 
nay be increafed infinitely. For the 
manner how this is done by increa- 
fing the Number of Leaven, ff^uit^ 
Puilty$, Serewt^ 9k. See JViUtin'^t 
Matbematiatl Megick, and others* 
The Force of every one of which 
MfcbMmfkFemtrt, and whence it a- 


rifety is fully explained below in the 
Notes on the 14th 'C^^« Artit. 9, 
(a) JtmuS ktip it [elf htai»m. 
brio) Hence it follows^ thst mU Li* 
fueri prep upon Bodies 
ibat are under tbem, Tab.XViU 
according to tbeir per^ Fig* !• 
fendUular Height ^and ' 

not according to tbeir ^rMriri. Whidi 
Paradox may aUo be demonilrated in 
the following Manner. Let ABCDFS 
bt a VefTel filled with Water t Now 
becaufe the Column BF it heavier 
than the Column HG» it is miMfeft^ 
that if the VefiTel were open at H, 
the Coium)) CH wovld rife till it 

becaiQj; 


Chap. I o. ^Natural Philosophy. 45 

1 2. Since it is only the EiTential Properties of any Sul>- x^* "^^t . , 
je^, which can be decluccd from the Effence of it, after f "^ '\^^ - 
it is known 5 it is to no Ifurpofe for us to endeavour to *'*^* ' 

find out how Motion could be firft produced in Bodies^ \ 

becaufe this is not an eilenttal Property ; we £hall not 
therefore ftand to argue upon this Subjed: : But as we 
own God to be the Creator of Matter, fo likewlfe we 
•wn him to be the firft Mover of it. 1 3. But 


became io afuilihrio with the Gk- 
limii BF. Since therefete the Co* 
vcr which flmts up theVeffiBl atH^ 
kinden the Colooui GH horn riiiiig, 
it it evident^ that the Water at H 
freffct the Qorm of the Yeflel ap- 
wavda with a Foice equal to the 
Weight of BL ; and becaufe all Pxef- 
fve is reciprocal, it is evidtot aiib» 
th^^the Water atG pfcfiesthe Bot- 
tom of the Vciiel dowowards with 
the ftaat Force $ to which Force the 
Weight of the Column GH is to be 
axfded, by which meaQ8> the Force of 
the Water prefiing upon G> will be 
the iame as if the Column GH were 
equal in height to the Column FB> 
that 18, aa if it were filled up to M* 
The fame may be demonftrated like- 
wife of all the othei: Colamos } 
wrheace iti& mantfefl, that the Bot- 
tom ED is pre0ed in the iame man* 
ner, as if the Veflel, every where 
ef equal Thickneli, were filled with 
Wtter to N 6. 

But the Truth of this Demonftra- 
tion depends upon this Suppofition, 
that the Liquor contained in the Veil 
iel be fuchas cannot becompreiTeds 
as Waterwhich cannot be comprefiTed. 
What therefore was faid of all Li- 
quorty is to be underftood of fuch Li- 
9¥or>, vis. that they ^r^/i upon Bo. 
digs that are under them^ acecrding to 
tbeir perpendicular Height , and not 
OfCifrding to tbeir Breadth, 

Corol I. If the Tube AB be flop- 
ped cloie with a Cover, and the lit- 
tle Tube CD be filled with 
Tab U Water up to D, the Water 
Fig. 4« contained in this Tuhe^wiU 
preis upon the Water belffiv 
In the great Tube, and this Preflure 
will difiufe it felf through ail the 
Water, and thruA againft the Sides 
and Cover of the VeOcl thus clofed i 
and if a Hole be made in the Cover, 
for the Water to gfet out at, it wili 
Hy out thence with as much Force, 
a$ if Ae little Tube CD wer« aa 
broad as the Tobe A St 


Corol. %• If two Cylinders be ez« 
aOIy fitted to the Tubes 
A B, C D, Weights laid T^h. I. 
upon them will he ma- Fig* 4* 
quilibrio, if th^y are in 
proportion to the Width of the 
Tubes. For Ba^mple, if the Tube 
A B be four timea aa wide as the 
Tube CD; one pound Weight hid 
upon the little Cylinder, will be e» 
qual to the Force of four pound 
Weight laid upon the great Qrlin« 
der s which Ezperimeuts may be 
infiidtely diveriifyed. 

Corol, J. Hence it is eafy to ex* 
plain that Paradox, which fo muck 
perplexbl the Famous 
Dr. Benrj Moor, and Tab. XVIL 
other learned Men, Fig. 2« 
vf ««'why a flat round 
Boaid, fuch as a Trencher, when it It 
put into Water, Ihonld rife up imme* 
diately, tho* ^e Weight of the la- 
cumbentWater be much greater, than 
that under it, and yet there be n(» 
fuch Thing in Nature as Likenefs to 
lift it up. Ut ABCD be a Veifel 
full of Water, F a round Board im- 
merfed in the Water. Now becaufe^ 
from what has been already iaid^ 
the Columns ot Water H^, Hi, com- 
municate all their Weight to the Co- 
lumn ddt and, if the Column dd 
ihould defccod, the Column H^, H^ 
would afcend with a Celerity propor • 
tionably greater, as they are leie 
thick ^ whence it is evident^ that 
thefe ought to be in aquilihrio with 
each other, ( in the fame manner as 
in the Siphon, lab. I. F/^.4.) if the 
Column ^</ be all Water. But be- 
caufe part of this Column is not 
Water, but the Board F, which is 
Jpecifically lefs heavy than Water ; 
therefore the afuiUbrium is altered, 
and the Column GGdd having lefa 
Force (compounded of the. Magni- 
tude and Velocity) than theColumne 
H^, H^ \ it maft rife ib far, that 
there mull be aao^och of the Wood 

above 
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13. rbat u 1 3. But btcairffe ft is ndt the Pirt of a Phitoftiftar to 
uIuBcUfit jnajj^ 1^^ wdrkhife Miracles cvtty Moment, aAd to likv(g 
S/f g5!/ pferp^turf Rccoirt-fe to his Poviter, n^ fhall take, it for 
mtc$ ertated granted, that when he cfeated the Matter of this WorU^ 
^^*^' he mijjreffed a certain Quantity of Mbtion u^Jon the Parb 
of ft, and that afterwaris, by the cortimbn Cburifc of his 
Provideftce, he hindemd Things froih itTturnihg into tBcir 
original Nothings and prefeived always ( i ) the fame Q^-- 
tity of Motion ; fo that what remains for us to doj is on* 
]y to enquire into other Oircumftances of Motion, and to 
examine Second or Natund Cairfbs* 


above the StffeiUcieft 4i t%e Water, 
as it exefed* in fiigaefs k Qwfitity 
of Wftt« «f eqiiil Weigbt. if flie 
r<Mtid Tt^eher F were (b etk€t\j 
fitted td the ^idth of the V^fiel.that 
no Wiitet couM get btftWeen it tfnd 
the 8i#es ef thi Vtffl^l, fo ts to torn- 
mtiniekte its Wei|ht to the Witer 
beiow, and by that meaiii force the 
Board upwards | 6^ if the Boatd 
tdDchid the Bottoifl cf tfie Veflel fo 
cldfe^ that no Water could get m 
between it.and the AfttDiA, then the 
Board wOTsld not rife at all. As I 
haTe often tritfd in Q«iehl3ver, which 
does not wet the Board, and there- 
fore ^ill difity let it go elofe to the 
Bottotta of the Vdfel. 

(i) The faint ^antity of M^thn) 
Stmt other FrtntifHt (beflde the Iner- 
tit of Matter) wax iteceffaryforfut- 
ihg Bodia into Motion ^ and nam 
tbey are in Motioh, fohte other Prxnci' 
pie is ntcojfhry far ctnftrwngthe Mo' 
tion. For if two Giohes joined by a 
jUnder RaJ^ revoh/t abott their com" 
tnon Center of Gravity zuith an unS" 
form Motion, tvbifi that Cmfer muvet 
on nnformly in a rij^ht Line dranjon in 
the plane of the circular S'.otion j -The 
Suin of toe Motion t of the tvoo G/ohet, 
at tft'eh at the dobci are in the 
right LiAe deftriied by their common 
Center of Gravity ,iAjiU be bigger than 
the Sum of their Met ions, tvhentbey 
are tn a Line phpendicular to that 
^tfht Line* By tiit lifidnce it op- 
peariy that MotioA maybe got or loft* ■ 
By reajon of the Tenacity of Fluids, 
and Attrition of ih'ir Partt y and the 
IVeaknefs of Efajlictry fnSiiidt, Mo- ' 
tion ts much ihore aft to he lop thaii 
gatf and it always upon the Decay, 
For Bodies which are either abfJute^ 
ly hard, Or Jo fifty as to he void of 
Elafiicitf, wiii not rebottndfro-n-one 
anothcTt Impenetrability makes them 


onfyfhf. tftwo ^il B9ditimef 
dftfiBly in Vacuo 9 they will by At 
Lanbt ^f ^fiiHfltf tohert tbty titm, 
and loje ^ their Motiva, and ramaim 
in ktfty iHtlgp they he iUi/fM, mMi 
reditu neiv MtKlonfrmn their J^Hd*^- 
Ifthiy hdvifi HtMch Eltfseiiy aajt^- 
Jiitt to make them rehoitnd, ^tb a 
qitartery Or half, or three quartert of 
the FoHeii>ith*tii^iih they eothe to^*- 
ther, th^ ^U lofi three ^artert^ or 
Half, or a Sfuarter of their Motiom. 
And thit may be tried , by letting ftw 
equal Peudulkins fall againp one mna* 
t her from eaitdl Height s. If thit Pem- 
dishtm be of Lead orfift Clay, they 
wlllhfe all, w* almolf all their Mnt^' 
one: If of eld/Hick Bodies, they zaill 
Me all but. what they recover jram 
their Blafiicitfi Newton's Optlcks 
the 2d Edition, in Ert^ifi, p. 373. 

- If it be aslced how M4tion, which 
i» thus pittpetutily Mft, (boold be per- 
petnilly regained. The Anfwer is ; 
That it is refined by certam adlre 
Principles, fmeh at are the Can& of 
Gravity, by which Planets and Com* 
mett keep their Motions in their Orhs^ 
and B-dies acquire great Motiom in 
JeHling, The Canfe of Pennentatidii^ 
b'f which the Heart atid Blodd ef 
Animals are kept in perpetual Moti^ 
and Heat j the inwird Parts of the 
Earth Ore confiantly warmed, andiH 
foike Places grow very W. Boditg 
burn andjhne \ Mountains tbke'Fira, 
the Caverns of the Earth are hh^ti 
uP4 And the Sun coraiaues violently 
h'6t and lucid, and Earths 4B Tjbifs^t 
by bit Light 5 (and the Cattfe af 
Btajiicity ^heitby Bodies reftortf 
tbemfelvts fa thciV fohncr Figures ^ 
all whidi Chafes fkall Be treated of 
lA their proper Places ) for we meet 

>(th 'dery tittle Motion In theff^crld 

f ft • / t • * ft. 1* ^4 * 
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hfidei wbttt is owing to thefe a^iva 
J^rincipUs^ fi^d. p. 375' 
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Cy /i&^ Continuation and CeJ/ation of JUbfim. 

HOW it cc^mes ro pafs that i Bbdy W Motion, ihouM it-:*feM « 
Continue to be ihovcd, is one of the hioft confide- fjj^ f^ 
rafcic Qp^ftiohs rclatihgto Motion, and has very much n^ir of it 
peipjexed the Skill of Kiflofophers^ but upon our Prin->^^**fw>« 
dpfes, it is nbt diftcuft to Account for it • For,, as was b^ ^B^'iT ** 
foijfc obferVed, nothing tends to the Deftruftion of it felf^ F^UnofH 
and Jt is one of the Laws of Nature, that all Things wiUf'V "«J^<» 
continue' in the State they once afcy unlels any* external *^'' 
Caufe interpofes ;. thus that which exifts to JDay, will 
ei^deavour, ^ far as it can, to exift always $ and on the ' 
contmry, that which has no Exiftence, will endeavour, if * 
Imay iq li)eak, nevefr to exift ; for it never will exift of 
it felf,, if it be not produced by feme external Caufe : So 
alifo, that which is nbw a Square, will, as far as is in its \ 

Power, always continue a Square. And as that which is 
at Reft, will never of itfelf begin to move, unlefs fome- 
thing move it j fo that which is once in Motion, will ne- 
ver of it felf ceafe to move, unlefs it meets with fome- 
thing that retards 6t ftops its Motioil. And this is the 
true' Reafon why a Stone continues to move after it is 
out of the Hand of him that throws it. 

2. We (hall therefore have but little regard to that com- a. That it i$ 
mon Saying of AriJiotle*Sj That every Thing in Motion tends \^Jf^ ^ 
to Rejlj becaufe there is no good reafon for it. For if sodi4% in 
this Opinion feems to have fome Foundation from what Motiwdoof 
We experience on the one Hand of the Things on the '*!j^*'^'-. 
Earth, where a Stone or any other Body in Motion does * ^* 
not continue always to move 3 yet it is overthrown by 
what is obferved on the other Hand in the Heavens, 
where from the Obfervation of many thdufand Years, 
we find no Diminution of Motion. 

J. To which we may add, that this Opinion is not fo 3. That A- 
cafily fupported, by the Experience of what is done here nftotleV co- 
upon the Earth, as is hnagined : For though indeed it be^^"^^^'^ 
veryeyident, that w&fee the Bodies which were in Motion, Expttienu. 
ceafe tq move, and to be at perfeft Reft ; yet it is by 
no mfeans evident^ that they tend to this of themfelveS : 
For no feody can ever think, that a Cahnon-Ball, after it 
has entered three or.four Foot into a Wall, has an Incli^ 
mtion after that to te at Reft, On the contrary, when 

we 


we perceive that this Ball enten deeper or lea deqp, ac- 
cording to the Difference of the Bodies that recore the 
Force of it, we afcribe, . l*rith* more Reafon, the Cefla- 
tion of its Motion to the greater or Icfs Refiftance made 
by thoTe BodiesK* 
A^rhatbt 4' This Opinion was peculiar to ifri^forilf. Mid no Body 
jiir njjt . would have ever ^omeinto it, if they had confiderecL that 
***'T R^ ^^^^ though It does not refift Motion fo much as a W all^ 
^^oLib/^ yet it makes fome Refifbnce, as we experience In a Fan 
Bodia it tU moved ^uick I fox then when they had feen a Cannon- 
^b'fBoiUet ^^ ^^ * Stone, not always continuing to move in the 
leafing tt!' Aif, thev would hav€. thought, that this was cauled by 
Hove, . the Refiitance which the Air makes to the Motion of the 
Ball, and that the Ball lofes as much motion as it com- 
municates to the Air. 
» rbat a 5" ^^^ "^ order to find out how much of its Motion a 
£9dy in Body lofes when it ftrikes againft other Bodies, you muft 
Motion, hjet remember, that we fuppofed ( i ) that God created a certain 
^t^nm- Quantity of Motion, and that by the common Courfe of 
tion mt it hls Provideiice, he preferves as much Motion in Mafter, 
€ommunicatet as he impreffed Upon it at the Beginning ; whence it ' 
2m[^'^^*' follows, that if a Body in Motion, ftrikes dire£lly upon 
another Body at Reft, and puflies It before it, it muft 
neceflarily lofe as much of its own Motion^ as it commu- 
nicates to the other, in orcier for thejoi to go on together 
with the fame Celerity as if the two Bodies were one 
common Mafs. Wherefore if a Body in Motion be three 
times as big as the Body at Reft, it will lofe a fourth Part 
of its Motion ; and inftead of running, fuppofe, a Line 
of four Fathom, in a given time, it wUl run but a Line 
of three Fathom ; that is, it will move with a fourth 
Part lefs Celerity, than it did before. 
6. ibat a 6. If a Body in Motion, ftrikes upon another Body in 
Body in Mo- Motion alfo, it will make that move fwifter j but it will 
l%t motion, "°^ ^^'^ ^^ much of its own Motion, as if this latter had 
when it ' been wholly at Reft ^ becaufe all that it has to do, is only 
frikis a- to add fomc Degrees of Motion to thofe it has already, in 
^t^Body order to make the Bodies move with the fame Cderity :' 
already in ' One Example will make this clear. Suppofe a Body to 
mtionytban j^^yg ^ certain Quantity 6f Motion, for inftancc, twelve 

fit ikes upon a 

Body at - (>) ^^' Ood created a certain ire notreflefled^ btit Idfedieir Mo* 

B^» ^^nttty of Motion) See above, tion \ yet io otli«r Qatttf Bodict 

Ckap* X. Art. 13. Bat though Mo- perfeAJy hirdi comauDkatQ their 

tion miy be deftroyed, and hard Motion to each other, according to 

Bodies thtt h«ve no etaf^k Force, thofe Laws vrblch the Author U 

kJica they ilrike. ftgainft each other, explalAiog. 

Degree^ 
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Degrees, and that it ftrikes upon another which is at 
Reft ; according to what was now faid, if th^rft JBody 
be as big again as the other, it ought to communicate 
four D^rees of Motion to it, and keep eight to it felf. 
But if the Body which has twelve Degrees of Motion, 
ftrikes agaihft the other moving with three Degrees, it 
ought to increaie its Motion but two i)egrto, to Inake it 
have as much as i^ ough^ to have ; becaufe this being but 
half as big as the other, it will by .this means have Mo- 
tion enough to go as fwift ad the other : And therefore 
that Body*whicb before kept to it felf only eight Degrees 
of Motion j will now keep Ten. ( i) 

7. If 
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(i) IFa Body in Motfon, be three 
timea as big it another Body at Reft, 
mud ftrikes againft it with tbirty two 
Degrees of Motioo^ it wUl gire it 
•ig|it Degrees of its Motiooy and 
keep Twenty four to itfelf : But 
if the latter Body'had four Degrees 
•f MoHon before, it will ^ve it but 
drc Degrees* and keep twenty Se- 
ven* By the fame way of Reaibn* 
ingy it is eafy to find out other Laws 
of communicating Motion in Bodies 
that are perfe^Iy hard. But becaufe 
the hardeft Bodies of all have alfo an 
BUftickFfce, and becaufe the. Cafe 
of Eiaftick Bodies, is different from 
this* and more difficult, you m^^y find 
the Principal Laws by which their 
Motion is communicated, explained 
by thefe learned Peribns; Sir Cifrri. 
fttpbir ^'rtn. Dr. fFallh, Mr. Hu- 
gsmi, inhiiPhilofophlcalTranfaai- 
ons, Numb. 43, and 46, and more 
fully by the fame Mr. Hugtnt in his 
Pofthumoos Works, and by Mr. 
Marri9ty in a whole Book wrote up< 
on this SubjeA, and alfo Tery fully 
by Dr. K»il in his Le^hires upon 
Natural Philofophy. But this whole 
Matter may be comprehended in the 
following ^ ^ 

P R O B L S M« 

The Weights snd VclociticB with 
which two Spherical Bodies, perfea- 
ly Eiaftick, wbofe Centers are, mo- 
ved in the ftme ftreight Line, meet 
■ each other, being g'vcn ; to find their 
Velocities after ihUy have met. 

In the following Computation, the 
Modon of Eiaftick Bodies after ftri- 
king againft each other, ii fiippoie4 
to arife from twoC«afes% 


1. ^rom ^mple Im^fe. By the 
^orce of which alone, if the Bodies 
had no EUftick Force, each Bqdy af- 
ter they bad met, would either whol« 
ly reft, vtx if they meet each o'hcr 
With c^uiil Motion; or they would 
go both on together, as if they wera 
united into one Body, with tlie lame 
Velocity ; and the Sum of their Mo« 
tions (if they moved both the lama 
Way) or the Diffjrrnce of their Mo, 
tions (if they moved contrary W .ys) 
would corttinue the fame after their 
meeting as before. 

H. From Elofttck Force. Which 
in Bodied perfe^iy Eiaftick, is equal 
to the Force with which they are 
compreflfed ; that is, when two fuch 
Bodies are ftrock againft eachother^ 
it is equivalent to that Motion which 
either of them would gain or lofe by 
fimple impuife only* This Force a£b 
the contrary way, and therefore the 
Motion which is^ produced by it,, 
muft be fubftra^t^ from that Mo* 
tion, which is in the Body impelling* 
and added to that Motion which is 
in the Body impelled by the. Force 
of iimple Impuife oiiiy, in ordef 
to find their Velocities after Refiec* 
tion* 

This being fuppofed. Let A and 
B be two perfeaiy Eiaftick Bodies* 
and let A either overtake B, or meet 
it 3 Let their Velocities be tt and 
^ J Then the Motion of A will bcAtf, 
and the Motion of B , will be 6^, and 
the Quantity of Motion, in them 
both together, if they be moved the 
fame or contrary ways will be 
Aa+Bb, which, (by the 1 ft Ftijitian) 
will be the fame after their Impuife 
as before. Now (if they had no E« 
Isftick Fotce) their commoo Velo- 
X citf 


\ 
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7.Hbw a y. If a Body which was moved by another, be by an* 

j^J^/" '" Means turned out of the Way^ fo that That from whid 

it received irs Motion, is kft to move freely, it will cor 

tinii 


city After they hid met, would be 
Aa+Bb 

and therefore the Motion 


A * a+ABb 


:^:^rr— • and 


Mil I 1 — i»^» 

A+B' 

of A, woald be lOL.^ 

ABa4rB*b 
that of B, — T=-„— . Now if the 


Motion 


A+B 
Asa+ABb 


— T- , which remains 


tad the Sum 


XfB 

in A after the Impalfc, be fubftraft- 

ed from the Motion Aa, which tt hjd 

ftt £rfty there will remain the Motion 

ABa4-ABb 

— vSig — > ^l**ch the Body A has 

loft by Simple Impolfe only. Now if 
this Motion be ftibftraaed from the 

Aaa-f-Alib 
Motion ■ ^'T^ which ii in A, 

ABa4-B*b 

and added to the Motion - ..„ ■■ 

A-|-B 

which is inB after their Meeting , from 

the firft Caufe only ; the Remainder 

A>a+aABt — ABa 

•-^q- will (by the 

{ecoaiPofition) be the Motion of A ^ 
2ABa+B»bXA8b 

~A+B 

will be the Motion of B, from both 
Caufes together, after Reflexion* 
And by dividing feparately thefe Mo- 
tions by their Bodies, we {kill have 
^^2Bb — Ba 
■. — ' I for the Velocity of 

lAa+Bbq^Ab 
A, and "T i J~ for the Ve- 

locity of B after Refleftion- Q^E, 
J. (See Newt, AlgtbrA^ Pag, 91. 
Prohl. IZ ) 

N. B. It may fo happen, that the 
Body A, whether it overtakes B, or 
meets it» may lofe all its Motion, or 
may be driven back the contrary way 
to that it moved in before they met. 
Wherefore in this Cafe the Quantity 
Aa-|-26b — Ba 

— T"—. — by which the Vc- 

A+B ' 

Iccity after Reflexion is ezprelTed, 
will either become Nothing (the Ne. 
yitive and Pofttive Terms deftroying 
one another) or Negative* So like* 


wife It may happen, that when t] 
Body B meets A, it may, after the 
Meatinf* eith« reft, .or gp 00 to 
moved the contrary way to that 
was moved in, before they met j ai 
then the ^antity by which the V 
locitf ia expceBcd, will either be N 
thing, or (as tt firft) Negative. B 
if it' be driven back the &me w 
that A was moved in at firft, t 
Quantity by which the Velocity 
cxpTtfled, will be pofitive. For fin 
theVelodty that way which A was 
firft moved in>, is expreded by tl 
Sign -|-) *tis evident, tluit the V 
lecity the contrary way, ought to 
exprefifed by the contiary Sign - 
throsghoot the whole Gompotadoo 

Firnn the£: general QuantitiBS nc 
found, by which the Velocities 
the Bodies A and B are exprelled,' 
is eafy to deduce the Laws of Mod' 
which are ob&rved by any perfe£ 
Elafiick Bodies after Reftedion, 
any given die whatfoever. For £ 
ample. 

I. If the Velocities of two Bod 
meeting oach^ other, be reciproea. 
as their Weights, in this Caic 
will be AassBby and therefore t 
Quantity by which the Velocity of 

— A? — Ba 
is exprefled, = ' = — 

A+B 
. Ab4-Bh 
and that ©f B, :s '■ v- ■ ■ as I 

A-f*B- 
That is, each Body after their Ii 
pulfe, will go back with the fitmeV 
locity with which they met each oth 

z. If A ftrikes agrnft &» when 
is at reft, the Velocity of A. will 
(the Qoantity B, and confequeni 
its Multiples >fib, (J^c. vaniihing) : 

-- — - — , and the Velocity of B w 

z A a 
ber^ 


. , ■• That is, as the Su 
A-f-B 

of their Bodies is to their Difterenc 
fo is the Velocity of the Body A k 
fore Reflexion," to its Velocity afi 
Reflection. And as the Sum of t 
Bodies, to double the impelling £ 
dy, fo is the Velocity of A befc 
Refledtion, to the Velocity of B aft 


/ 
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t:inue only to move as it did after it had moved the other, 
and not as it moved before it communicated anjr of its 
-Motion ; becaufe the Manner in which any Thing oughft 
to continue to exBft, ittid to prefervc it felf, is that which 

E ^ it 


3. If A be equal to'B, 9bA ftrikes 
againft it when it is at Ke&, the Ve- 
locity of A will be ss 0* And tte 
Vtdodty of B will be ±b a. Which 
fhowM th«t the Body A after ftriking, 
^Ulbeat Reft, and the Body B will 
be moved with the fame Celerity 
after the Itn^ulte, that A was moved 
with before the Impalfe* 

4. If A and B be eqthil, and meet 
each other wHh nneqaal/elocity, the 
Velocity of A after meeting wiU be 
s£ «.^ h ; and the Velocity of B sd a. 
That is, each of them will return 
back after meeting^ having changed 
their Velocity. 

5« If A and B he equal, and A 0. 
▼erukes B, the Velocity Of A will be 
^b, and the Veloci^ of B =a a. 
That 18^ they will both move the 
fame way they did before^ having 
changed their Velocity. 

LEMMA. 

If there be three unequal Qaanti« 
ties, A, B| C J and A be iefs than B, 
and B lefs than C. liay, (i). that 
AC 

B -j -is led tbanA4-C («). that 

B 
... AC 
B-4~ — ' ** ^^^A of all, wheq B is a 

B 
mean proportional between A and C« 

D B M N S T. 

The firft part is evident frdn Pre^^ 
ft^. Book 5. 0/ Euclid. The Second 
Part may be demonftrated thus. Let 
M be a mean proportional between 
Aand'C: then M^ = AC Now 
if M and B be 'equal, it is B 4* 
AC ^ 

^- = a M or a B, But if there be 
■B / 

any dffference between Mand B, let 
that differeace be D i and it will be 

i M> 

Bat M + D+ tvi-f-ij » g'««*r 

than 2 M as is evident by multiply. 
iog each of them by M -f- D aad 


comparing their I^rodu£t8 together* 
Therefore, &c, Q. E. D. 

(6.) Ltt there be three Elaftidk 
Bodies, as mentioned lo the Lemma, 
A, B> C ; and let A ilrike againft B 
at reft j and after that, let B ftrike 
againft C at reft aHb ; I fay^ that by 
this Means the Body C Will acquire 
greater Velocity, than. if it had been 
ftruck immediately by Aahme, i^itH-* 
out the Interpofition of B $ and that 
it then acquires thegreateft Velocity, 
when B is a mean Proportional be- 
tween A and C. (And the fame 
holds true, if the Motion begins 
with the Body C.) 

For by the^Siecond Law, explained 
above, the Velocity of C, if ic were 
impelled by A only, and the Cody B 

2 A a 

■ot between them> will be ^. 

A + C 

And by the iame 

Law, the' Velocity of C, when ftruck 
by the Body B with that Motioa 
which vns gtven it by A, will b< 

4. A ^ 

A-t-C-^u-l-AC, which two 

"bT 

Fra6UonS) becaufe they have thelanie 

common Numerator (4 A a) are to 

one another as their Den >mina tors, 

inyerfely. Wherefore the Vdocity of 

C in the firft Cafe, is to its Velocity 

in the Second, as A -4- C 4- B -f^ 

AC 

to 2 A *f^ « C. But (i-y tis 

B 


4 A a 
^' 2A + aC- 


Lemma) B -{" 


AC 

B 


is lefs than 


A -f- C, and leaft of all when A, B, 
and C are in continual Proportion. 

Therefore A + C + B 4- ^^ 


is leis than 2 A ^ 2C. That is, the 
Velocity of C, in the firft Carfe, is lefs 
than its Velocity in the Second, and 
this Ineqaaiity is greateft, when A> 
B, and C, are in continual Propor- 
tion* If the Motion begins at the 
Body C, than if c reprcfcnts its Cele- 
rity, and be fubftttuted in the Room 
of a, the DemoAftrsicioa will be the 
fame* 7r The 


N 
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St has this very Moment, and not that which it had ibme 
Time before, but has not now. Wherefore a Body vrhicli 
has loft fome of its Motion, by meeting Another, mw 
lofe more of it by a fecond Meeting, or a Third, and m 
on, 'till at laft it may be quite ftopped, as we often fee. 
S. Thai 8. From what has been (aid, it follows iirft, that if two 

grtater Bo, IJ^c and uncqual Bodies, be moved in a ftreight Line 


J» l^ifej- ^ f*®^ Celerity, {i)the greater Body ought to mvut longer 
ftr thw kf. than the lejfer^ becaufe the Quantity of Motion in each 


Jtr mts* 


9. jin Eic 

T»b. I. 
Fig. S. 


of thefe Bodies, is in proportion to their Mafles, but they 
communicate and lofe their Motion in proportion to their 
Superficies only, with which they ftrike agatnft other Bo- 
dies, amongft which they are moved ; now though the 
bigger Body has more Superficies than the Lejfer^ yet it 
has not fo much in proportion to its Bulk, and confequent- 
ly // does not lofe every Moment fo much of its Motion 
as the lejftr one does. 

9. One Inftance will make this clear. Suppofe the Bo- 
dy A to be a Cube two Foot every Way, and the Body 
B, a Cube of one Foot ; which being fuppofed, the Su- 
perficies of the Body A will be four times as much as the 
Superficies of the Body B, but the Mafs of it, will be 
eight times as big : And confequently, if thefe Bodies move 
with the fame Celerity, the Body A will have eight times 

a Aa-|- Bb "p Ab 


7. The more Bodies there tre of 
. a dlfierent Magnitude, between any 

two Bodies, ib much the greater will 
the VeJodty cf the Laft be : And it 
will be the greateft of all, if the Bo • 
dies be in a continatd Proportion* 
' This ea^ly follows from the preceed- 
iog Articles. 

8. PcrfeQly elaftick Belies recede 
from eachotbcr after Rcfleaioo,with 
the fame relative Velocity, that they 
approached each other with before 
Reflexion ; that is, in any giren 
Time, the Diflance between ihe two 
Bodies before, and after their Meet- 
ing, will be the (aime, at the End of 
that time. For the d ftancc of the 
Bodies in any given time^ before they 
meet, may be expreffed by a IfT b, 
vtK. the fame Qnantities by which 
the difference of tbcir Velcclties, if 
they be moved the fame wsy, or the 
Sum of their Velocities, if they be 
moved different Way 9, is reprefented : 
AJfo Che Spices which they defcribe 
feparately, in a givenTime, after Re- 
flexion, may be expreffied, by the 
iameQuanttties.by wh ch theirCeleri- 
(let u% cJcpreHed j wherctivrej if ftmm 


he Quantity ^Zf.^ 

which exprelTes the Space run thro* 

by the £ody B after meeting, the lame 

way that A moved before meeting, 

Aa +iBb — Ab 
be lobftnaed ~ 


A -)- 

which ezpreffes the Space run thro* 
by (he Body A in the faoM time, and 
thejame wsy; the Remainder 

As 4- Ab 4- B* 4- Pb ■-- t X b, 

A-*- i> ' 

will give the Diftance oftbe two Bo. 
dies at the End of the |iven Time af- 
ter ReiieAion> 

And by the like Reafbaiag other 
Laws may be found. 

{J) The great tr Bedy •Mgbt to wm/e 
longer) It is to be obfcrvcd, that this 
is (aid of Similar, that is, bomageng^ 
Cut Bodies. Oiherwife we are to urf- 
derffand by it, not the Greateft, bnt 
the heavieft Body : For the Motion 
of Bodies that have the fame CeJeri- 
ty, h not as the Mafes of thofe fio- 
dies, bttt as the H^eigbtt of theai. 
See the Kwti Chap, x. Ah. S. 

XS 
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as much Motion as the Body B s fo that it ought to lofe 
eight times as much every Moment, in order for them 
to oealle together. But this cannot be, becaufe the Body 
A, havingbut four times as much Superficies as the other, 
can meet with but four times as many Bodies, and not 
vrith €^t times as many ; wherefore the Body A will 
move pretty quick, when the Body B will have no Mo- 
tion at all, as is confirmed by Experience ; for if a Bullet 
and a fmall Shot come at the fame time out of a Gun, 
the BuUet will be carried vaftly further than the fmall Shot, 

10. Secmdfyy. Hence it follows alfo. That a long Body^ lo. Hm a 
Juch as an Amm^ wiU continue to move longer ^ when it is ^^y ^'^ 
/hot lengthwijiy than it would do if it went ctofswifey for ^e"*«^ 
it meets with fewer Bodies to transfer its Motion to, ^d when itgta 
therefoie it keq)s the more to it felf. *'* '•'^J' 

11. Thirdly J If a Body moves almojl wholly within it u^g^^^g^ 
felfy foas to transfo: very little of its Motion to the Bo- tber, 
jiies that furround it, // ought to continue moving longeft rf^^od^^'^ 
alii Thus we find by Experience, that a fmooth well ^^^aiLfi 
polifhed Brafs Ball, of half a Foot Diameter, fupported wth'm it 
by two Pivots, will, with a fmall Stroke, continue to//» ^i^ 
run round for thre^ or four Hours. 7t!*mHw 

12. But becaufe a Body cannot fo transfer its Motion to ioi^^of^* 
another as not to partiake with that Body to which it is »^^**^ * 
transferred, but will retain fome to it felf, though it \yt ftemuTH 
never fo little j therefore it fhould feem that a Body once w*^ •* 
in Motion, (i) fhould never afterwards be entirely at refl, *^' 

. which is contrary to Experience. But we ought to con- 
fider, that two Bodies which have but very litUe Motion, 
may be fo coinneAed and adjufted to each other, as to 
be in a manner 'sX. Refl, which is all that ExperleiKre 
fhows us. 

13. Becaufe the World is full, a Body moving in z.\yrhaia 
ftreight Line, mufl of Neceffity pufh another, and that a fS'^" ^'* 
Third, but it ought not to gp on thus infinitely \ for fome J[J^^, ^J^ 
of thofe which are thus pufhed, will be forced to turn out Btdiu tum 
©f the Wav, in order to take the Place of that ^hich was jj| %^l^* 
firfl moved, th»t being the only Place where they can ^taZitt ^ 
go, and which is free for them , Wberefi»« when any F/fre. 
Body is moved, (2) a certain Quantity of Matter muft al- 


( I ) SboMid mevtr tft^nvm^dt hi w. 

tirely mt Reft.) This it Mfe, becaufe 
built upon a fal(e Poandation> vitt* 
that Motion cannot kt d ^ ho joi . Sec 
die Notes above. Chap, x* Aft ij. 

(2) Acertaim S^umoity §fMMt§t,) 
TbU it for the «oft purl tiM, Ml 


beeiofe the WorJd it full, but be- 
caufe the State of the Air, and other 
Flo:ds ia which Bodies are sioTed, 
St foch» that when any Body it mo- 
ved oot ^ itt Piaee, thele, bf reafon 
of their Fhiiditj, iaacdiatdiy ran 
into that ?hs^ 

£ 3 ways 
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W2j% neceflarily be moved in the Foim of a Ring or a 
Circle, or fome wajr equivaknt thereto, 
»4.« ^tff 14. This Truth, though it was known long ago, yet 
iff" CMe, Philofophers, for want of dujy attending to it, and iwdtl 
it tbeCaufe Weighing and confidering its Confequences, have thought 
^ •**"'' A^ it impofiiblc to account for all the Motions we fee in Na- 
^iicnu^ ture by Impulfe alone, which is the only way that we 
can conceive clearly, by which one Body moves another 
by puihin? it ; and which fo naturally ioUow^ frotn the 
. / Impenetn«)ility of Matter, which all the World agree in. 

And this is the Reafon why they introduced into their 
Philofophy Things, indeed very fpecious, fuch as jktrac- 
tion. Sympathy^ Antipathy^ the Tear rf a Vacuum, bfc, 
but which, at the Bottom, are mere Chimera's, invent- 
ed tQ make them appear to give aReafon of tint which 
they did not underfland, and dierefore ought not to 
be ufed in the better fort of Natural Philofophy. ^ 
jclr^lftbe ^5- For as to (i) Attraaion^ Sympathy^ and Antipathy^ 
^fVordtPA" they ought not to be allowed at all, by fcafon of thwr 

traftiori, ObfcuritV, 

S^mpathy« . . , ' 

t^ Anti - ^ , ^ AttraRion) Since nothing a^s pr9d»cing « great Part cf the Fb^^m- 

J^t»y» at a Diftance, that is, noth'mg can mena of Nature f For it it %oeU 

exert any Force in a6ting where it is kn^on, that Bodtet aB cnt uPom ««»- 

Oo« ; it is evident, that Bodies (if tb§r hy the Attra^ooa of Gravitjy 

we iprould (jpeak profttrly^ cannot at Magnetijmand EleSricity \ andtbtfe 

all move one another, but by Con- Infiancet Jhtnia the Tefiour and Courft 

tad and Impulfe. Wherefore At. oj Nature, and ma^e it not im^riAmhU 

traSion. and Sympathy and all oeeult but, that then ma} be more Attta^- 

• ^Sf ^'/'"* which are f ippoled to arife live Powers than ibefi* • How tbeje 
from the Specifick Formi of Things Attractions may be performed, I do 

• arejuftlytobercje^ed. Yetbecaafe, not here confider, pFhat I cuUM- 
hefidesi^ounmbleother I^aenome- tra^ion may be performed by Impulft 
aaof Nature^ that uhiyerfaj Gravita- (not Bodly IinpuHe) or by Joma 0. 
tion of Matter, which {hall be more ther Meant unknown to me* I ifi 
foiJy handled afterwards, can by no that Word here, tofgnify only if gtm 

* " meant axile £ram the mtitoaJ Impulfie f'raJ any Forte by m^Jbicb fioditt 

, of Bodies (becaufeaJi Impulfe muft tend towardi one another y ivhatfoetfer 

be in proportion to the Superficies^ ** the Cakfer For we mufi learn 

hut Gravity i>- always in proportion from thtFhstfmnUfifi^f Nature ,subat 

^ . to the Quantity of fol}d.M«Cter, and Bodies attn£k one another, and what 

therefore muftol Nece^lty be afcri- ^re the Laws and Properties 0/ /*# 

bedtofomeC*ufe'thatpencttatesfhe AttraAion, bejore we inquire thg 

very inward fiubiiaace it feJf «f ib)id ^^^ufe iy vhich the Attrad^on it 

Matter) theiofpre a) J fjich At^tra^i- perf^rmd. 2Jbe Attractions of Of a, 

en, is by all means to be al:o\ved, as vity,"M'agnetifm andEleHricity reach 

is 'riot Ihfc Adioft of Matter «t a '» *ueryfnfih^ Dijianceis and Jo have 

Diftance, but the Ailion of fome ^«» objcfved by vulgar Eytt j and 

immaterial Gaufe whieh perpetoafly there maybe pfheri, 'tvhich reach to Jo 

• moves and govemis Matter by c<^rtain /*»«// Drflances at ^itherto tjcape Ob. 
Xawa. Have not the.Jmall Particles Jerwation j and perhapt electrical At- 
of Bodiet c^tainPom,irt, JTtrtueecr vrsi^lpnmay reach tfiJucbJmallDiJ- 

, Forces, by which thty aSt at a da J. jtavtei t-evtn without being ext-ited by 
. xan^e, not- aUy ttpqn the fays of Light : Fri^icHm Newt. Opt., p. 350. 

for rejieBing^refraSingand tnfieei' ,• UJetmt to me farther, that tlufe 
■ ii^'them, but aljoupoh one another for Particles ^of lA^XXtt) have not ony 

* a via 
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Obfcurity. That they are obfcure, is very evident ; for 
if we take a Loadft<?ne, for Example, It is manifeft to 
all the World, that to fay it has an attra^ive Vertue or 
a Sympathy With tlie Iron, does not at all explain th^ Na- 
ture or the Properties of it. And as to the Fear of a Yjx- 
cfmim,' I refetve the 'Notion of that to the'fdlown^ 
Chapter, wliere we fliall compare the Reafoning of the 
Antients and our own together. 

EffeSiSf h to tin ut iMthing* But 
to deriv^^two or throe genorai Pnn^ 
eipko of Motion from pbanomena, and 
after^rds to tell us bow the Pro* 
ftrtiot and ABioni of all anforeai 
^ingo JvUow ffwn thfo mdn^Ji 
Pffneiplts, would If* a vory grutt btek 
in Philojopby, tboogb tbt Caufet of 
tboJoPrmei^ei Wtrt not Jot difiovtn^ 
td>: And ^erefort I Jcrufk not ## 


f5 


a vis Inert] s^ accompanied wtthfucb 
^a^pveLawe of Mtnion, a» natural^ 
refmltfrom tbat Force \ hut alfo that 
tbey are moved by certain affive 
Principles, fueb as is that (Attrt- 
edan nthkh we call die Attnafoti) 
of Gra<oity, and tbat which eawfes 
Fermentation, and the Cohefea of 
Bodies, 'Tbefe Principles I confix 
not incKmltQ^liAafitpp^to rr- _ . 

fult from tho Specifick Formi of propofe the Principles of Motion a-. 
Things , hut as general Laws of Na- hive mentioned, tbey being of very 
tare, by which the Ufings tbemjehfes genereti Bittent, and ieaa/o their Can"^ 
mr^jormedt Their l^rtitb ^taring fi* «• *• /»»»<' •^* ^^ ^^* 
to uf by Pheenomena though their p> 374 


Caufei be not yet difcovered. For 
$b^e are manff^^atities, and their 
Camfes only are- occuih Mad the 
ArifbtelUos gave the Name o/occulc 
Qaalides not to manifeft S^alitie^, 
hut to fuch ^aiities only as tbey 
t^ppofed to He bid in Bodies, and t^ 
pe the unknown Caufes of manifeft 
EffeBs : Such as would be tbt Caufes 
of Uravity, and of magnttiek, and 
ieSrick AttraSiions, and of Fermen* 
tat ions, ifwe^ouldfuppofe tbat tbefe 
Forces or Anions artfe from ^a- 
htiet nnknotifm to m, and incapable 
of bfing dikovend and made mani' 
fyt. Such occult Qualities put a 
ftop to the Improvehieni of natural from 

Pbihfdfhy, and therefore of lateYears Firft tfinfe, whjch cerUtiniy i$ 
kave been rejeSed. To telt us tbat Mechanical* and not only to ssnfhU 
every Species of Tbingt it endowed the Mechanifm of the fforld, but 
Hoith aft occolt Spedficfe Qaality by ehiefif to refohe Ihefe and fuch likf 
pbick if aSt «nd frodtftet mai^jb ^^^/mi^ A«« Id. Ibi4. |»« 34$* 


-ii J^e have the Autberity of the 
oldeft and weft celtbrated FbtMphero 
^Greece and Ph«Qkia> who mad$ 
a Vacuufia and Atoms, andtbe Qra* 
vity of Alms, thefrftPfineifUswf 
their Phtiofopby i tacitly' Sttie'Jbati't^ 
GftrUy to Jomo other citfe than 4enfi 
Matter. Later Philosophers banifb 
the Conftderations of fuch a Caufe out 
of natural Pbilofophy, feigning Hyp 
potbefesfor e^eplaining ali ihings me" 
cbanically, referring other Caufes to 
MetapbyUch, Whereas the main 
Bufinefsof Natural Ptihftpby is to 
argue from Phenomena without feignr 
ingHy^tbefes, and to deduce Caufes 


till we com* to the Hnrf 


E 4 


CHAP. 


g6 ROHAULTs Systim Part !• 


CHAP.. XIL 

Of fucb Motions as are commonly afirihedto the Fear 

of a Vacuum, 

I. What ^HE RE 15 no Subjcft more capable of fliowing us 
THuy'ZfL ^^ Difference betwixt true and felfe Philofophy, or ' 

kf tkifear ^t ]$2& bctwixt ReafoniHg juftly and not juftly, than this ; 
tf Vt- For we fee manifeftly, that the one leads us, if not to 
puom. ^Y^ Truth, yet to fo/ great an Appearance of Truth, that 
the Mind acquiefces in it*; but the other gives us only 
Words, which we can form no Idea's from. For Proof 
of This,- let us take for inftance a Syringgy one End cf 
which being put into the Water, and the Sucker drawn, 
let us heax how the Antients reafoned. about it. Firft, 
They obferved, that there could be no ^^r«tiin in Nature; 
thoa they coniidered, that there would be one, if the 
Sucker were drawn, and no Water followed } whence 
they concluded, that the Water ought to enter in propor- 
tion to the drawing the Sucker ; and hence they £ud the 
Water afcended, left there fhould be a Vacuum. 
a^Bnotbt 2. Afterwards, the Manner of the Expreffion was 
Stnfioftbis changed, without altering the Notion j and it was fiud, 
^^,^ '""" that the Water afcended, for fear there fliould be a Va- 
cuum in Nature : And this Expreffion being equivocal, it • 
was tal^en in a bad Senfe ; and as it is cuftomary to carry 
Things to Extremity, the Word .Rwr was changed to 
\ Horrour ; fo that it was Affirmed, that the Water afcend- 

ed, out of the Horrmr which Nature had of a Vacuum^ as 
if Nature (in the Senfe that Philofophers underftand that 
Word) was capable of Horrour^ 

3. The, Fear of a Vacuum in this latter Senfe, is very 
ridiculous ; • wherefore I am apt to think that the Phitofo^ 
phers took it in the former Senfe only : But which way 
fo ever it be underftood, it does by no means anfwer the 
Queftionj any more than it would, if any one fhould 
ask, how Wood came from^ very remote Parts to Pdri^^ 
and it fhould beanfwered, it came out of the Fear of Cold '^ 
this is no Anfwer to the Queftipnj becaufe mt final 
Caufe is ajledged inftead of the efficient Cauie, which was 
the Thing demanded; 


/ 


4. How- 
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4. However, if the Reafoning of the Anticnts were 4' ^^«' tht 
juft, and built upon a good Foundation, though it could ^^JJy^ 
not make us underlland how the Water afcends, that is, the Fear tf^ 
explain to us the efficient Caufe of fuch Afcent j yet it ^ ^*"*""!» 
ftould prove, at leaft, that it ought to afcend j and their ^J^J^^^ 
Reafoning ihould agree with Experience, And that you wUb Expi^ 
may fee that it is dcfeftive here alfo, , it is to be obferved j "'«^*» 
that if the fole Reafon, why any Space is filled, is for 

fear there ihould be any Vacuum in Nature, and this 
makes the Water afcend j as this Reafon is always the 
fame, it will follow, that the Water ought always to af- 
cend, fo long as the Sucker of the Syringe is drawing, 
belt never fo long; now Pumps being only long Sy- 
ringes, they ought to raife up Water to any Height what- 
fbever; yet Experience ihews us, that we cannot by 
Pumps, raife it above One and thirty Feet and a half, 
after which, the Water flops, and will not follow the 
Sucker. Whence we ought to conclude, that the fear of 
-0 Vacuum, taken in the moft favourable Senfe poi&ble, 
is not at all the Caufe of the Waters afcending, fince it 
does not agree with Experience. 

5. Having feen the Defeat of the Reafoning of the ^.PanoM 
Antients, let us fee if we can fay any Thing better found- Suppofititmg 
€d. And that I may not be guilty of the fame Fault, I ^ti^'I'^j^l^ 
jhaU ofier fbme Particulars, which are very clear and waj. 
intelligible to all the World, in order to draw fome cer- 
tain and undoubted Confequences from a Foundation 

which cannot be contefled. 

6. Let us fuppofe fir^:. That fbme pody endeavours (5, rhejSrfi 
to draw the Sucker from the Bottom of the Syringe Suffofitioti. 
AB.C9 the Hollow of which it exaftly fits, that the whole |****'g'' 
Syringe is in the Air, and that the Hole C is open : This *** 
being fuppofed, it is evident, that the Sucker D cannot 

be drawn towards E, but it will pulh the Air, which will 
pufh that beyond it, 'till, as was faid above, it turns in 
the Lines here defcribed, or fome fuch like, in order to 
enter into the Place from whence the Sucker was drawn ; 
whence it follows, that the Air was moved by a res^J 
Impulfe. 

7. Let us fuppofe Secondly, That the Hole at C, j.fhe^- 
were flopped, and that there were no Pores either in the 251?**^ 
Syringe or the Sucker i In this Cafe, I fay, ( r) it would 

(1) It wmU Se imfogihh) This Sacker, as can life the whole Weight 

woaU iAdced be trae^ if the World of the incumbent Air. Nor need 

were AilJ i Bdt becauie vc have «f. we here trouble oar felTes irith aof 

^med it to be otherwifc | fo much occult PoKt or fobrile Matter. 


JUitfu 


f oict on)^ it it^ind to dnw the 
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be impoffiUe to draw the Sucker, the kaft that can bc^ 
becauie the World beiiig full, the Air which ought to 
puih the Sucker, would luve no Place to go to. 
trbtjbird 8^ On the other hand. Let us fuppofe, that the Sjriiige 
Ufftipttm, ^^ flopped, has Pores, though b very fioall, as not to 
be perceived by our Senies, and that amoi^ the Particles 
of the Air, theie are fbme {o fubtle, as to be able to en* 
ter tbefe Pores/ This being fuppofi^, there is no Reaiba 
why the Sucker may not be drawn, thoi^ the Hole at 
the Bottom of the Syringe be flopped : For then the Sucker 
may make Room for it felf, by pref&ng the groller ports 
of the Air, and by fqu^zing out the iubtle Parts, which 
are forced to enter the Syringe. 
9. ThMtU 9. In order to know whether the Sucker of the Syringp 
gft^ffrt ^an be drawn when the Hole at the lower End is fio^ 
$^^7w P^ * w^ ^"ft ^^ know, whether the Syringe or the 
F9ra, snd Sucker have any Pores in them or no; and alter that, wiie- 
'**1'^^''* ther there be any Particles in the Air fuLtle enough {(> 
#wSr/* e^cnter in at thefe Pores : For according to one or other of 
FartUUi. tbefe Suppofitions, will the Thing be poffible or not po£» 
fible And becaufe neither of them can be determined 
by our Senies or by Reafon, and there being no Coritra* 
di^on in either, it muft be decided by Experience^ now 
we'find by Experience, that (i) if the Syriiige be not tpQ 
thick, we can d^w the Sucker without much Difficulty • 
from whence it b evident, that their are Pores either in 
the Syringe, or in the Sucker, or rather in both of them ; 
and that amongft the grois parts of the Air, there are fome 
{q fine, as to pais through the Pores of ipoft teneftrial 
Bodies. 
Awotber ^^' '^^ Experiment helps uj Jo another very confide- 
very tdnfi. rable^ which is, that if, after we have drawn tlie Sucker 
derahisEif^ a little, wc let it gQ again, it returns of it fdf, and that 
iSTiS /& ^^^ ^"^ ^ Force, as to ftrike sg^nft the Bottom of tte 
Air it Syringp ; the Reafon of which wr {hall fee, if we remem- 
iinigbtj, ber that a Body never begins to move of it fclf, if it be 
not pu(hed bv another which immediately touches it i 
now, if we obferve, that there is nothing but the Air, 
that immediately touches the Sucker, we muft think that 
it is the. Air that cauies this furprizing Motion ; for, con- 

( I) JfeJbeSyrinje he not to» thick) greater it ik, ia jiratb « greattr> and 

The Tifclcnclt of the Syrinee fisni- conlcq'iently fo much a heavier Co- 

fiet nothing (nor the occult PalTages, Jumn cf Air muft it fuftais* But the 

sor the fabtle Matter^ as was fjid on Author may beezcufed, M he metnt 

the Article nbwe ;) hoc the Thick, the Bigtujs of th$ whole Syriogt* 


1 


neff of the Sucker ; which thr 


fidering 
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lldering that the Air always contains in it a great Quan- 
tity erf the Particles of Water, and other terreftrial Bodies, 
^v'hich though they be feparated from each other and dif* 
peried^ yet do not lofe any of their Weight; (though W« 
do not ^y un<]erftand the particular Nature of the Air> 
nor in wh^ its We^ht confifts ;) we ffaall naake no Di& 
ficulty to aflert ; that the groffer Air is heavy, and cooie-* 
quently, that by its Weight, the Sucker is forced into th^ 
Syringe, from whence it fqueezes out the fubtil Mattes 
through thofe Pozes which it felf entered in ;at* 

11. But though the Air by its own Weight, preffe§ "•'*«''*• 
chiefly downwards, yet this does not hinder, but that it f^^A ^ 
ma^ alfo piefs upvanis, and force the Sucker of the m^pt^ a^ 
verted Syringe up into the Syringe; for the Column of ^'■^^ 
Air which ainfwers to the Bottom of the Sucker, is forced 
upwards by the Weight of thofe Coluoms of Air which 

are on the Sides, in the fame manner as the Water which 
16 at the Bottom of a heavy laden Boat, is prefTed upwards 
againft the Bottom whjch refiifts it, by the Weight of the 
Water which is of confiderable Height round tiie Sides. 

12. When we once underiland this Force of the Air to is.M^w 
prefs upwards, we ihall not at aD wPivJer, that when we fj^/'^l 
htUd our Hand flat in the Air, we do not feel thco/tbt/wum' 
'Weight of It *y that is, -we do not 'perceive our Hand ii»f Air* 
preffcd downwards, by thci Weight of the^CJolumn of Air 

which is upon it : For this Column^ has no more Force to 
preis it downwafds, than tlie Column which is underneath 
has, to prefs it upwards. 

13. As to the PrefTure which is made all over the Body, 13. Wby^t 
when it is immerfed in a heavy Liquid j it is certain, that ^"^ notfeti 
we ought not^ta perceive it, ( j) thaugh the Weight of the ^^tht*AU^ 
Liquid be very great) any more than we do the PrefTure andaifiwby 

Qjp Divert da 
' mt feel tbg 

(i) Though the Wt^ht efthe U^ ^^ttt. Nerves, Memhraw and Muf- f^'^f' ^ 

fuid be very great) The Caufc of cAm; and^tbtre that are Flmd^Wa- ^^W^ter. 

this is excelientJy well explained by try er Oii^. ffow the ,Benet in att 

y^' Jiipb, BoreUms, d$ Mofihms Nat* . ^imal tannot be broiUn or disjoint^ \ 

a Gravitate faSit, prop, 29* ^ fif* '^9 ^^'J' the inctimbint H^eigbt pref* 

After he had ilhowiiy that Sand in a Jetonefynj^onty, as it does on Pertert : 
very ftrong Veffel, caanot any way But if the Prejfure diffujei it felf all 

be divided, and that ■%. Wedge wlU rounds fa a* to preft ^upward* and 

by no means enter into it } and alfo downward*, and fdewayi^'witb eptai 
thatWater in a Bladder, equally com- Force^ Jo that there ke no part of the 

preflled on ajl^ides, c;in neither be Skin but y^bat is prefed^ then it is 

ilrelghtened nor bent^ nor at all mo- impoj/ihle, that any Thing Aould be 

ved : So likewife, %! he> in the Bo^ Jepardted or put out of the Jray, The 

iyofan minimal, there it contaiufd fame may be faid of the Nerves and 

within the Skinykme. Parts, which ; Mufclel, wbicb tbo* tbey befoft, yet ^ 

art bard and foUdffuch as the Bones ; beeaufe tbey tonjifl of ftrong and tough 
'tfbjrs that arefoft, fucb as thf Ten* fibres, they tan dUfupport one ano- 
ther. 
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of the Water, when in diving into the Sea, there are ma- 
ny Fathom of it over our H^ids. The Reafon of irliicfa 
is ; that before we can feel the Weight of any Body, there 
muft be fome Alteration made in the Pifpcrfition of our 
Organs. But when the Air or Water have made all tbe 
Efforts they are capable of to prels or thnift inwards the 
external and grofler Parts of our Body, and jthefe Forces 
are counterballanced and put in aquilibrU^ by the R^ft- 
ance and Effort of the Fluids and moveable Parts within 
us> the A£lion of which we are infenfibleof ; after this, 
I hjy they can do no more, and confequently the State 
' of our Body wiU not be changed, nor the Difpofition of 
'\ its Organs, to which they ar^s fo uniformly applied, and 
'' ^ith fuch equal Forces, that no one fingle rart can move 
outwards, to give way for any other to be thnift inwards ; 
and therefore the Effort which they continually make to 
pre&.us inward, is rendered inei&cfhial. 


Abif, tndrefifi mnnnivtrjally diffufed 
Jpbarical Comprejion ^ tbejamt may 
alp h ftid of tbe Blood and other 
Bumourt of an Animal, Vfkifh are of 
avaatry Nature % for, at it it «vt- 
detit, that Wattr cannot he condenfed, 
fo likewife tbeHmmmnof am jfrnmaly 
eontdined in tbe Cavitiet cf itt VefftU, 
tbo* tbey may he hruifed (y an Jmpulfe 
wade from mie or a few particular 
^lai.e»i yet they tan never he forced 
9ut 9f their Feffelt, or torn afunder hy 
an mnverfal Comfreffion every ffay. 
So leng tbtrefore a$ tbe Solid, lendi- 
marr« or Flejbff or Liquid Parte, do 
ti*t undergo any S^aration, Contufi- 
on, nor are disjointed, nor their Situa* 
Hon at all changed i it it impoffible, 
that any P^in or t/neajineft fkeuld 
follow in the' Animal, xubicb cannot 
arife from aiy other Caufe, hutfepa- 
rofing that which it one continufd 
Thing, Wherefore when Divers, liK» 
And this is confirmed l>y What 
the femoat Mr. Boylt obferved, in 
kit Second Appendix to tbe Ekventb 
ffydropatick Paradox, vh. that, a 
Tadpole, ao Animal whofe Fleih ia 
very tender and foft, put into a 
Veflel half foil of Water, 16 clofed 
vpf that the Atr contained in it, 
being condenfed eight times as much 
as in its natural State, prefTed upon 
the Water as much, as if a Column 
of Water of Three hundred Feet io 
Height Itid upon the Animal ; mo« 
ved it felf notwithf^anding , and 
U/fzm about Ter;|r quick, and foand 


no Inconveoieace, that oould be per* 
ceived. ' 

Howeirer, becau(e in m'4ft Am*^ 
mais there is a great deal of Air, 
which may eafiiy be comprefled and 
condenfed ; therefore, though no par- 
ticular Member is disjointed, whe« 
an Ai^mal is immcrfcd very deep 
in Water, yet they muft all of them 
necefTarily be fhreightned and con- 
traded, by tbe e^ual Weight and 
Prefliire of the incumbent Water on 
all Sides, as the famous Mr. Boyle 
fays-, happened to the Tadpole in the 
fbrementioned Etperhnent* . . 

Beiides, thofe Animals, whofe 
Lungs are fa formed as to contain 
a great deal of thin Air and Breath 
in them^ though the other P«rts of 
them be not at all hurt, yet their 
Brcafts muft of neceffity be ftreight- 
n^ and contracted, in the time 
manner, as the Cork is nfually thnift 
into an empty Bottle, by the Weight 
of the Water, when it is fonk very 
deep. Therefore Men, whoft Lungs 
are very large, when they dive very 
deep info the Sea, though they find 
no. manner of Inconvenience in any 
other Part of their Bodies, yet they 
hbotir under a Difficulty of Breath, 
ing, and a Pain in their Sreaft, 
(though they have Air enough cnn« 
veyed to them to breathe.) And thus 
the famous Mr Boyle tells us of a 
certain Diver, that when he walked 
at the Bottom of the Sea, the Blood 
Bew out at his No(e and Eyes. 

14. Let 
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14: Let us, in the fourth Place, Suppoie the Sucker «4« ^ow 
which is in the Syringe, as far as it can be thirft, to be '^am'^f" 
<lrawn when the Hole C at the Bottom is in the Water ; r^r SjHngt. 
it fhould ieem as if the Air which the Sucker that is 
drawn preiles upon, ought to pre(s upon the Water, and 
make it to rife in the Syringe, becaide it overtakes it, in 
the way which we fuppofed it to go, in order for it felf to 
enter in, if the End of the Syringe had been in the Air, 
and not in the Water, and that it ought to afcend as &r a^ 
the Sucker is drawn. But there is no NeceiHty that this 
fhould, always happen i For having made it appear, that 
both the Syringe and the Sucker are full of Pores, and 
that the Air is full of Matter, fubtle enough to pafi through 
them J and alfo that the Water, by reafon of its Weight 
afcends with greater Difficulty ; tne Sucker may poffibly 
be drawn, and the Water not neceflarily afcend, to fill 
the Syringe, becaufe it was filled before with that fubtil 
Matter, intermixed with the Air. However, Experience 
Ihows us, that the Water does afcend, and that the Sy- 
ringe is filled V7ith it, and not with the fubtle Matter, 
at leaft to the Height of One and thirty Feet and a half> 
but no further. The Reafon of which is, that the Air 
being heavy, prefTes upon the whole Superficies of the 
Water in which the End of the Syringe is immerfed ; 
and when the Sucker is drawn, the Water which anfwers 
to the Hole in the End, not being prefled by the incum- 
bent Air, the Weight of that which prefles upon the reft 
of the Surface, thrufts it up, and makes it afcend in the 
Syringe ; in the fame Manner, as the Water in a Pail is 
made to afcend up a Trunk, fuch as they fhoot with, 
open at both Ends, and one End fixed in a Hole in a 
Trencher which exaftly fits the whole Superficies ; upon 
depreffing the Trencher, the Water is forced up. In like 
Manner, the Moving of the Sucker, is the general Caufe 
of the Entrance of fome Matter into the Place which it , , 7^^^ 
leaves ; but the Weight of the Air determines the parti- the Waur 
cular Matter. ^^ \f^tl% 

15. Since we find by Experience, that the Sucker of a J2/ /« Vcwr" 
Syringe, may be drawn, when the Hole at the End is ftop- ta\n Height, 
ped, this js fufficient to convince us, that the grofler Air ^jj '^^^^ 
. is not of an infinite Weight ; for if it was, it would be ^,>, weigbs 
impoffible to draw it; which being fo, it is eafy to forefee, as much as a 
that the Air by its Weight cannot raife the Water in a Sy- o'„^7^/ 
ringe above a determinate Height ; fo that if, after this tbirtj Teet 
Height, we continue to draw th^ Sucker, the Syringe, in- ^^^ ^ ^^'/ 
ftead of being filled with Water will be filled with fubtle %ZnLlL 

Matter, »?/«. 
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Matter, as was before obfervcd in Pumps : And fince 
the Water always rifes to about the Height of Thirty one 
Feet and a tedf, above the Level in which the End of 
the Pumps is immerfed, we ought to conclude, that a 
Column of Water of this Height, wdghs as much as a 
Column of Air of equal Thicknefs, which reaches to the 
upper Surface where the grofler Air teiininates. 
16. That toe 1 6. If the Suckef of the Syringe flips very cafily along 
ought net to ^y^^ concavc Surfece, ^inft which it rubs, and if it had 
^«i^' \f "° Weight at all, the Air would very eafily be drawn in ; 
tb9 Air that bedaufc there is juft as much Force to thiuft it upwards, 
"^7*5"" ^ there is Weight upon the Sucjker to thrtift it down- 
ringe\ but Wards I But if Water or any other heavy Liquor is to be 
vtt ought to raifed ; there muft then be as much Force ufed, as is e- 
\blf7ftbi ^^ ^^ ^^ Weight of the Liquor to be raifed ; becaufe 
Wator. the Liquor, tending downward, bears upon the Air, which 
prefies againft the Bottom of the Sucker, and takes off fb 
much of the Force it had to make it rife. 
in^WbtHa 17 • There may be many Confequeiices drawn firom 
lube filled what has been faid of the Syringe, which if they be a-* 
*"'^^'^"' greeable to Experience, are fo many Confirmations of the 
i^tj itjdf. Truth of our Explication. For Proof hereof, let us fup- 
pofe, for Example, that after having filled a Tube with 
Water, one End of which is ftopped with the Matter 
of which it is made (which they call hermetically fealed) 
and the other, with the End of one's Finger, we put the 
End of the Tube which is ftopped with our Finger into 
a Veffel of Water, and then take our Finger away ; 
This being fuppofed, if we confider that the Air, which 
preffes upon the Water in the VeflH, refifts the defcent 
of that which is in the Tube, we may forefee, that if 
tlie Tube be not above One and thirty Feet and a half 
long, it will not empty itfelf at all ; but if it be longer^^ 
the Water ought to defcend till there is One and thirty 
Feet and a half in the Tube, and then ftbp, becaufe the 
Air has only Force enough to counterpoife fuch a Quan- 
tity : And this is agreeable to Experience. 
j% that an 1 8. We here fuppofe, that the Tube, which is above 
Mined tube Thirty oile Feet and a half long is held upright,; and do6s 
ought to ion~ ^Q^ incline one way or the other: For if it inclines any 
Water than Way, then, becaufe the concave Surface of the Tube 
an up'igbt fuftalns part of the Weight of the Water, for that Rea- 
•"*• fon, the Water will not have fo much Force to defcend 

as it has ordinarily ; and fo the Air is able to fupport a 
greater Quantity than One and thirty Feet and ^ half in 

the 
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the Tube ; that is to fay, accordirig to the Lavjt of Me- 
chanicksy if the Water in the inclined Tube begins to de- 
fcend, it will ftop, when the upper Surface of it, is One 
and thirty Feet and a half perpendicular above th£ Su- 
perficies of the Water in the Veflel ; and fo we find it 
does. 

19. And it is renjarkable, that if we make ufe of Tubes ^ ^' '^* 
of difierent thicknefles, and Veflels of different breadth, ^tl^/equai 
there is no difference in the Height of Water contained Height /» 
in the Tubes: For fince the Water which is in eachTube,^"*^^/^^/^ 
poffeiles the JPlace of that Quantity of Air, which laid-J^yi, 
upon the fame Part of the Superficies of the Water in the 

Veffel ^ it cannot Wt be in aquilibrio with the Air with- 
out, becaufe, it weighs juft as much as that whofe Place it 
poffeffes, And thus it is in all Tubes whatfbever, the Wa- 
ter rifes to the fame height, which we fee by Experience 
in a particular Tube^ that it ought to rife to ; for as thefe 
different Columns joi Water are of the fame height ; if 
that, for Inflance, which is four times as thick as another, 
wdghs four tinies as much as that other j then the Go- 
liimn of Air, the Place of which this grofs Column of 
Water poffei&s, weighs four times as much alfo, 

20. Neither ought we to find any difference in the Height *°'. ^^L, 
of the Water which is in the Tube, whether the Expe- noA^atUn 
riment be made in the open Air, or in a Chamber, pro-fwrirw the 
vided there be a Window in it, or at leaft any Chink ^^^fj^^ 
through which the Air can enter; for according' to the Expermeiu' 
Laws of Mechanicksy the Weight of the Air is juft tht ^ fi^ade in a 
fame, whether it preffes perpendicularly, or winding, or ^^'^^^J^'"''' 
oblique. 

21. Neither ought there to be any Difference in this* '-^^^'^ 
Height, if after the Experiment be Aaade, the Room be ^^t'S 
entirely clofed up j for though the Column of Air which ta be the 
fupported it before, by preffing upon the Liquor in the f^f>*',thougb 
Yeflel, be now intercepted by the Ceiling, yet that part ^nchtbt^ 
of the Column of Air which is below the Ceiling, prelTes Experiment 
as much upon this Liquor as it did, when it bore the '^J""^^ ^f 
Weight of the Reft of the Column, becaufe the Refift-y-f^''^^^'^*' 
ance of the Ceiling does as it were prels upon it, and **• /*«/ the 
hinder it from expanding it felf. . u^'^J^'a'i 

22. It is triie, that if, before the Experiment be mzdc^ ought to be 
the Chamber be fo exaftly fhut up, that the Air within ^'•-?-«'^o '/ 
has no Communication with that without, then the ^^'\li keen en* 
quor contained in the Tube ought not to defcend quite fo tireiy chfed 
far ; becaufe as the Tube empties, and the Liquor in the "^ ^'f'^^-, 
Veflel rifes, the Air which is in th^ Chamber cannot rife in ^'^^ ^j['" 

Pro- madu 
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Proportion: Confequently it muft be condenfed, and 
therefore will have force enough to fuftain a little more 
Liquor in the Tube ; but this cailnot be perceived, un- 
lefs it be a very little Place in which the Experiment is 
made, 
s). rbat 23. From what has been (aid, it is eafy to apprehend, 
t'^i^tu ^^ ^^ inftead of Water, any other Liquor that' is hea- 
TmaiMhtle vier or lighter be ufed, there will remain more or fefs of 
Tmh, aiove it in the Tube ; £> that Mercury or Quick-filvcf , which 
^^"i^l^/is about fourteen times as heavy as Water, ought not to 
jmi^Sftii be fuftained by the Air, but to about Seven and twenty. 
mad a half. Inches and a half, which is very near a Fourteenth Part 
of the Height that Water is fuftained, and the reft of the 
Tube, how long foever it be, ought to be filled with 
fujjtle lyi atter. And this is confirmed by Experience. 
ft4.. Thai 24. But that the Experiments may be more feniibk,. 

fr/^!^'' ^® '^"^ ^^"^^ ^ ^^^^ ^^ ^^®» bccaule that is tranf- 
0aj!fy modi parent : And Quick-filver being fo heavy, that we are not 
Hoitb ^iVA. oI)liged to have Tubes much longer than Twenty (even 
Inches and a half, their Smallnefs makes them more eafy 
to be managed, and to obferve a great many particulars, 
which it woidd be difficult to do in Tubes that are very 
long. 

25, Firft then, This may give Occafion to thoie who 
believe the Poffibility of a Vacttum to obferve ; That 
there is no Vacuum in the Top of the Tuhe^ but the Place 
which is left by the Mercury, is filled by fome Matter, 
becaufe the vifible Objefts behind the Tube, (i) afFeft our 
Eyes ftill, and are as plainly fenfible as they were before, 
which they could not do, if there were a Vacuum ; be- 
caufe their Aftion would be interrupted. And if the Eye 
were placed dire^y againft the Tube, we ought not to 
fee any more than in the Dark, or then if an opake Bo- 
dy were between ; but we find it otherwife. 

26. To this we may add, that (2) Nothing or a Vacuum 
has no Properties, arid that if we put the Top of the 


fihttr* 


tbtf is no 
Vacoum i» 
the Tcp9f 
the Tuht* 


26* Anotbtr 
Fr9of. 


(X) AffiB our Eyes) It don*t at all 
follow, that there i* no Vacuum in 
t be lop of the Tube y becaufe the Space 
out of wh'ch the Qnick-filver CAiae, 
is tranfparent j Ft<r why cannot the 
Rayt ok Light, pais ihrough a^t m- 
tirely ^id 6pace ? On the other H<iadf 
they can*t polfibiy pafs through a 
Space ibat tt quite full: See whtt 
U laid of the Nature of Light, in 
its Place. 

(2} Ntthini'f cr a Yacattm bat u 


Proptrtiet,) It it very tme 
th«t Nothing hat 00 Propertiet $ kat 
how doet it lbUoW| that Space which 
ii void 0/ Matter f hat therefore 
Netbitig in it, or it it ieif entirely 
Nothing, But it may be allowed tlut 
there it fome finer Matter in the 
Top of the Tube, or perhape a little 
Air flipt under theQuick-filTer which 
it rarefyM by the Heat ; but the 
Space it very far from bebg fnU. 

Tube 
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Tube very near the Fire, we perceive a Rarefaction, in 
the feme manner, as in a Thermometer, which makes 
the Mercury fall, whence it . follows, that there is fome , 
real Matter in it. I 

27* However, it is eafy to fee that this Space i&not fiJl *7* *natfb§ 
of common Air; for if the Tube be not quite filled with '^^^-^/^^ 
Quickfilver, but an Inch or two be left for Air, and ftop- /«// ofirtf$ 
^ing the End of the Tube with our Finger, it be- invert-, ^ff* 
ed ; we obfervie that the Quickfilver defcends flowly, and 
we have time to fee the Air afcend in the Form of 
Drops. Whereas let the Tube be entirdy filled with 
QuicfciUver, and immerfed in the other Quickfilver, that it 
may empty it felfin the ordinary way j then if the Tube be 
ftopped with the Finger artd inverted; the Quickfilver ynll 
not fall ijowly, but all at once, as if it wereon^ h^d Body, 
nor (hall we perceive any Thing to afcend through it. 

28. For a further Confirmation of this Opinion, ^'*^- yjiyj^^w; 
That whin th< ^ickfilver defundsfrem the Top of the Tuhe^ 

it is not filled with common grojs Air^ we may obferve ; that 
if the Top of the Tube be made large, in the Form of a 
Veflel,and fome Sort of Animals,as Birds^Rats^sind Mice^ 
be put into it, they will die, in a very fhort time ; that 
others, . fuch as Flies, feem to die, but being preferved 
afterwards, two or three-Days in a more temperate Place, 
they revive and fly away ; and othei^, fuch as Worms 
2XiL Frogs^ are preferved alive, and not huit, unlels they 
continue very long in it 

29. It may here be demanded, how the fubtil Matter, ^* *^*«' 
which fills the Top of the Tube^ gets through : To'whichy^J^J^*,. 
it may be anfwcEcd ; that it feems rather to pafs through ter vbich it 
the Pores of the Glafs, than thofe of the Quickfilver, be- ij^ rS# 
caufe the Quickfilver being very heavy, the Pores of it %aypaft 

' feem to be rather too fmall for it to pals through them: tbrougL 
Though I Ihall be of another Opinion, if what I have 
' heard from England be true, viz. (1) that 3 Tube of fix 

Foot 

(1) TbHa Itibt of fix Foot iotig) 
This Experiment is thus related hy 
thefuDoot Dr. WmUU^ in his tfjr- 
dHfiaticktf Prop. 13. Jfthe ^ick- 
fi/ver fufpendtd in am im/erfid lube, 
it very $»a3iy eUartJ rfaii Air he- 
fore it ht immjted {wbtcb camtot ho 
Jome bui by grgat Care and Nieenop,) 
mndif tbo Tnbe be eautioufiy inveru 
ed, mnd fixed in a firm f lace Jo at not 
to^iin tbe U^ (haktm \ tbe ^ick- 
filler {tbougb tie Orifice at tbe B^^ 
/MR be open) 9»iU remain fufftttdtd^ 

VOL. I. 


mneb befMd tbe forementioned Height 

(viz. to 40, 50, or 60 hehet \ ) beit 

if tbe ieafi Air gett into the S^itk- 

fik/er tbnt fnffended,. or if tbe Tube 

hejbaken, tbe S^Jclk. liter ^ill im- 

mediately rujh down to tbe n'ntt 

Heigbe (and after fame. Recipintati' 

.cm) vtillftand fiill, 

. Which ExperimcDt, faa^ioebecn 

iiftem repeated by the Lord Brennker, 

the famous Mr. BeyJ, Mr, Huygene 

«iid others, has fycceeied j (o that 

ihecsirnodtMh( of th«cKt4ii Tntth 
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Foot long, will not empty it felf at all, if the Quick- 
filvcr with which it is filled, and that iri which it is im- 
merfed, have ftood fome time in a Place void of grofs 
Air ' Fqi in inquiring into the Reafpn of this Phacnome- 
non, 'Vrp can find no other but this, that the Quickfilvcr 

thus 


. of Uw Fbsaomenon $ but npon what 
Caafei To furprizing a Thing depeodf , 
it not Co well agreed. 

Tile XjttAMnunktrthttigbi, ibaf 

. «ii f^figbf of tbi Air Wat much 
greater tban anfweri to tbt Height of 
ahoitt 49 Incbct of S^ickfi/wr, but 
that titSlMic\/ih/«r vas ie^reffitd t» 
tbat Htigot, by (be Air vfbicb was 
invifb^ mixta vitb it ^unleft it was 

; charnt of k) And afttr it was 
cleandof it, andHtere remained no-* 
tbtng to reftfi tbt Weigbt of the rx- 
ternai Air, but onty the bare vf eight. 

. tf the S^icifil^ter, then it wat found 
to ke otberwifi ; and t be S^uiekfiiifer 
was fit f ported to a greater Heifbt, by 
tbt Baliance of the Air. IhU is io- 

, deed very iAgenious ; but thatwhich 

- w«ilceni very much thU Exp iication^ 
iSy that upon tlie ieaft fluking of the 

' Tube^ the Quickfilvcr immediateiy 

. rufliea dawn : which could by no 
meafta be, if it were fupported by, 
an equal Weight of Air or i£ther. 

Wherefore the himouaDr. ff^akh 
atfempted the Thing another way. 
He imagined, ttat ail real Gravita^ 
tion, proceeded from tbe Frtffure or 
Spring of tbe Airer^tbtr, without' 
wbttb tbefeinaiitve Bedies wbieb 
if;e call heavy, ifeace at rtfi, ^votfld 
remain f»y wrthoat any real Grawtd' 
tion, orvuithoutdefceuding^ having tlo 
more, 'fe^dency to meve dowmvardt 
than Jidetoays, "the Sluickfilver 
tbttefire, when it is cleared of all 
Air from within, OMdJufpendedin tbe 
aforefaid manner \ when it is at refi, 
will continue Jo, and retain its Pofi- 
tion^ beyo0d the common Height ueeef- 
fary to an aequilibrium \ becaufi n is 

free from alt Freffure of tbeAir^eirtd 

' is'nttpreffed upon, either by its Gra- 
vity, or by its Spring s But if it be 
put in Motion, either by any /baking 
of tbe Tube, or by any Motion within, 

J'rom tbe Spring ef the Air which 
was atjirft left in it, or isfince got in, 
then it wiff continue that Motion 

dowfHvards ( tbat way being open,) 
But fioM it is now allowed, that 

Cravity Aaet not depend" upon the 
> Air or ^£ther^ but is an'originajlcoQ^ 


MM and iopnocablo AMMon of all 
M«tter» neither can this Ezplicotioo 
be admitted. And indcrd tnia ver^ 
feamed ^esCan cosikSn g that ko 
kimfetf waa im>C fatisfied mkh it. 
Therefore he adds. That tbe Sa^' 
feies of the Tube towewr weidpa^ 
&Jbed, caflnH be thought M befefrm 
from ail ^Qi<^tfi ^ jMefoalitf^ 
but that there muji remain fome 
Rougbneft which muf eaufe Cobetfii' 
OH, tr {if it b$ moved) feme Friaiam 
of tbe adjacent ksdy, ^hereby tbe 
Motion muft be fimening biudered, 

An^ indeed this Opinion cooKa 
neater the Troth } aod that ekieij 
becaufe upon the Icaft ihakbg of the 
Tube, the Quickfilver ^alls down, 
whence it k nMuiifeft, that the Snf- 
peafion doea not depend upon aiy 
permanent Caufe, iuch as the Gra- 
vity of the Ait Or ^tl^er, but upon 
ibme accidental Thing, fochailoiBe 
kind of Adhaefien. However, be- 
caufe there does not appear .to be any 
fuch Rougbneft \n the Saperfieiea of 
the Giafs, as thit learned Perlba i* 
magiaes ; it feems to be moft pro* 
bable, that the QuickAlver remaina 
thus fuipended trom the Conta& om 
Agreement of the Farts, the Forceof 
which is always very great in ever^r 
E/TeA of Nature. Thus, a phin aod 
ibiooth Loa^one applied to a Ball 
of Iroa fufpended on a Sttifif from a 
Nail, will draw it much furthtr- 
ffom the Perpendicular, than in pro- 
portion to the Magnttick Force \ if 
it be pulled back with a gentle and 
even Hand, and be not feparated by 
any arcideiital Shake* ' So aj^ 
Water wiil afcend in a Vacmum, ia 
fmall Glafs Tubes open at both Bods* 
Aod t#e ftnoofih pofiflied BiarbUs 
. wlN Bdt be leparated, though the 
groller Air be removed. And to the 
Paits«f all bard^B^ee (and tn tome 
meaibre alfo of Liqur^t} cobeere to- 
gether- bjf Coam^, that is> by that 
AttraSiion which always arUea from 
Coi>ta 6t. See what is /aid bwJow at 
Chap. 20> Artie. 9. 

All tl>e AuthorV Pains thereiore 
sbout fuM Matter, and -abcut the 

Porei 
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tlitis ' prepared, ' li cfearell of feme Matter/ Vhich b^ije 
^ept its Parts at i Diftaiice, and made the Pores firfid- 
ciiny wide a^(J,Johg, to give free Paffage tothe^flibfil 
^^atter j and bccaufe it cannot thruftth^fubtH ftJ[at«r 
' into the Place which it is difpofed' by its Weight to'^dit, 
therefore it does not.defcend at all : However^ ncft ha- 
ving had any O^rtunity to fee how wdl il^is EjCpenment . / 
fticwcds,' and not venturing to fay that it h falfe, we* re- 
main in fuipbnie, anddo ixbt determine which Body it . 
i$, through the Poircs. of which tj(ie fdbtU Matt^ paflj», ,' 
to fill the Top of the Tube: ^ . . • , . , _ 

. 30; But to returh to our iWfcourfe, and to continue <o ^^\^^ 
4raw: the Confequences which we think, deducible fitftn \^f,^\^ia 
what has been faid above j Let us fiippofe a Tube filRd \t. If tb* 
with CWckfdver, and immerfed as ufiial in a Vefle!, irito ^^f^^^l^[' 
' which Part of the Liquid runs, 'tiD it is about the Height ]u,fitb^ 
of Twenty feven Inches and a half, and then it be lifted the lower 
up a little above the Surface' of the Quickfilver, fo that one ^^,^1^^ 
Dtop only of it may run out ; then becaufe the Quicfcffl- ^i^py^^ 
Ver, that remains in the Tube, does not weigh fo miich as • 
the Air without, it ought to be imjjclled with Violence to 
the Top of the Tube,3tnd iferthat^ its own Weight ought 
to mafceif defcehdon the one hand,, as much as the Air 
makes it afcend on the other ; and fo we find it does. 

31. If, after having made the Exp^rimeht as ufual, we '^l^^^ 
Xskt the Tube out or the Veffet in which it is immerfed, Te'fiJtb^* 
flopping the lower Hold with our Fin^r, but not prefBiig flight of 
very hard upon it, then we oi^ht not to feel, nor do vife ^ ^tt\' 
indeed feel the Weight of the Quickfilver : For though it in^VMel 
lies upon that part of the Finger, which anfwers to the 
Hote of the Tubfe, yet it is not heavy,' becaufe it prefles' /. 
neither more nor lefs, than the external furrounding Air,-', 
which is applied to the other Part of the Finger, preffits 
upon it, and repels it. And if in this Cafe, the Tube' 
be opened at the Top, by fuddenly removing that • 

Pores dmmgh which thit^aitiovs when it ii*lifftieletre4 of Ul Aft-, 

. Matter ttmld pafi^ it to po PuipoTe. cohaere fay arafloal Opou£i, hfith wi4k 

For if there were m Paffage for ibat one aao&cr and with the GUft { 

JttbtUe lUatttr, either through the frm a certain AttrMaion, whidi 

S^iekfilifer or the GlaJ$ j yet it ' ceafet, as foon as the Tui)e h 

.wouM not be able to f>rce tho ihafceo, wJ^ercby the Particles ace 

S(gick0ver op into the Tube, nor feparated from each other, and froai 

to fuftain it there s Add if there be the Glafs. And the fame Experl- 

no Paflage for it throagh oither of nent has been made in Water 4reU 

them, then it would not fufier the cleared alio of Air, by which means 

jf^uicJdilver to fubAde again, as it its Parts apBr(^ched nearer to Con- 

doci when the Glafs is fhakea. But u£t. See ffivtt* O^tUh, /4r^. 337. 
iodeed the Particles of ^uickjiher, 
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which it 1$ flopped with, then weihould feel the fame as 
.if the Finger which is applied to th^ lower Hole received 
a hard Blow.; becaufe the grofler Air, which deibends 
quick, and with great Force into the Tube, adds oa a 
fudden new Weight to that of the Quickfilver } and this 
is confirmed by Experience, 
'* *f^*J' 32. If the Tube be not filled with all (^ickfilver, but 
7&Cwfe* fome other Liquor be put inalfo, we may deCermine 
tfuenct 9} ft- how &r each 0/ them ought to defcend, by confidering 
^•^'*! how much that other wpighs cojqipared with the Quick- 
J^^otber filver. For Inftance : Suppofe the Tube filled with Quick- 
i^ftm, ^ filver all but an Inch, and we would fill the left with 
Water J becaufe Water weighs but a fourteenth Part fo 
much as Quickfilver, we ought to conclude, that it will 
make it descend below the ordinary Station, the four- 
teenth Part of an Inch, and confequentlv the Water will 
be thirteen of the fourteen Parts above. tnaJt Station* 
%%.Akd ,33. The like Calculation may be made, whatever 
J^^j/*' heavy triquor be put in inftead .01 Water; However, it 
wtbAir, istpbe obierved, that the fame Reafon will not hold 
good for grofs Jir. For fince we know by Experience, 
that it has a Power of expanding it felf very much, and 
can eafdy be mixed with the fubtil Matter ; we conceive 
that by mixing it felf with that fine Matter with which 
the Top of the Tube is filled, it preffes againft the Top 
of the Tube on the one Part, and upon the Top- of .the 
Quickfilver on the other Part, and fo by this means for- 
ces it much lower thaai it would force it by its own 
Weight, whichxompared with Quickfilver bears no pro- 
portion to it^ 
34. ^battbe 34. We forefee alfo, that an Inch of Air will make 
^^' ^r. ^^ Quickfilver defcend fo much the lower, by how much 
f^jrae? ^^^^ the Tube exceeds Twenty fevea Inches and a half in 
tordh^totbe Length, becaufe the Power of dilating it felf, does in a 
^^"^f^lof manner refemble a Spring : For as a Spring, the more it 
the lubei. is bent, with fo much greater Force does it unbend it felf j 
fo the Air, the more it is.compre0ed, with fo much the 
greater Force does it dilate it felf; and in all this, our 
Reafoning is confirmed by Expedencel 
»5. Avety ^5. But to give a plaiixer Proof (i) how much a little 
rimntof'a ^*^' whcn the Weight of thc Column which it fuftains is- 
Carp\- removed, is capable of expanding it felf; we need only 
£hiider, fo tjjj;^ a Carp's-Bladder, and cutting off the leffer Part at the 

^oxo bow r ' o 

mucb tbe 

Airiseata- {}) ^^'"^ ^^^^ ^ ^''^^* •^"') ^ ^^ Notes on Part HI. Cbaf. «, 

t^'J^^S'' ^ Neck» 
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-Neck, vAmt it is jdbibdrto tbeOreatep, p^ft fh«gi«a«^ 
Part (o clofe, ' as to fiiueeze out almoft sdS f h6 Air that is 
contained in if: Thi^ tie it Up tokeepih^tlitiit which re* 
-vnainsy which is tiof bigger than a^ fmaH Lentil : After " 
this, let it be put into- the Top of onedf- the Tubed , ,Z 
made laj^e like a Ve&l, andfiBedas yJmi witte Quick- r V 
filver, and managed in the fame htsmne^ ^4he fbrem^f^ 
tioned Experiments, and th«i we il^l fee how fur- 
prizingly the Bladder will fwell round ainfidft all at Qitce, 
*and appear to be blovm as big as it wa$ before the ^Air 
was let oifL ^ 

36* Now though there be much more fubtil-Matttlr 36. mj^ 
in the Bladder thus^ diftended, than gitofs Air 5 yet v^e '^^'J^* 
•are not to think, that it is that wiiich preffes upon the %i}^^ 
internal Parts of the Bladder^ and ^ells ifr thus ; ^his £6- tiw tf tti 
feft cannot be produced by it, becaufe it can eafily jre^ Sj^*' 
turn through the Pores by which it entertd j it is moit - ^'** 
likely, (i) that this fine Matter agitates that little grofe 
Air wWch remains in the Bladder T^ith grteat ViofetiCe, 
^which Agitation is tlie immediate Caufe of the Madder*^ 
dwelling : And this is fuflkiently evident 5 fbr if th« Blact^ 
<{er be entirely emptied of the grdfs Atr, it Will > not HfA 
at all, and if there be a little too much, it will break. - 

57. In order to make this Experiment well, it fhould 37. An- 
be done with a Tube open at botfc Ends, and the upper g f^*^ 
End fhould be covered with a Hog's-Bladder, mbiftned «/^"v£"f* 
iirft in Water, that it may ftretch the bettei*, and this ttriment. 
will give us opportunity pf obferving another Circum- 
ftance very curious ; and that is, that as foon as the Quick- 
filver begins to defcend, we fhall fee the Hog^s-Bladder 
ftretched, and forced into the Tube ; the reafon of which 
is 5 that then a very heavy Column of Air prefles upon 
it, and there is none under it to fupport it. 

38- If the Bladder be pricked with a Needle, and the 38. Amber 
Needle be pulled out a little, to let fome of the grols ^'''«'^^«^' 
A.ir in, and then the Hole be flopped ; the grofs Air 
whicj) enters in, wiU expand it i^f round the CarpV 
Bladder, and prefs upon it, and make it appear more or 
lefs wrinkled, according to the Quantity of Air let in. 

39, This Experiment may ferve to undeceive thofe, 39. ibt 
who upon reading Ariflotle have been of Opinion^ that ^M'^^'f* 
Air made ten tiims rarer than it ix, neceJfarUy changes its ^i^nt!^ 
Nature^ and is converted into Fire, for the Falfity of this 

(I ) That this fint Matter) Not oo fuch Thing, but only the ElaiUr 
4hat Mfttmr, for probably there ii icity of the Air it ielf* 

F 3 Imagination 


Iiiuiginfilion iifcl«iri7 (ceny by fhowrjug tiM.tfae Air o»i- 
iaiiuid ilk thf 'Gai^^^ldtUer is. iwS^ D^Qve a hundrai 
'Jiiilifis, andffyot ckwhot 4U) ill- alt»f itf Form, . 
40. TAtff i,;::40.; Wfeeli E i^^ke pf the Height whiph the <^cldil- 
i/'iifs^^a ^«* *^ ^** '*** 'Tube, I limited it to^tyrciHy fev^n 
^/w « ' Jtolhtt ^i4.* faiU^ wWch isr the owuuon Height obfer»ffl 
«//fn«wi. ^sparis % \\^ Ifrii^k «xaftlv> it is fo»etiittea b^her, 
.^ fom«Uinefe.]4Mrer ; b«ttufe .the Air at diftfl^nt times 
, ;i^.Mgbter.aii)i.4i4av|ier. 
4t. TAtff , .41, Oneof thebcft Qbiervaitioiis that I haveaiet n^ti 
'couZg^ upon this Subjeft is this : That though we know hy jBx- 
fifi^\aittm Hfiipoce^ tfa4t't)»>Air is cotideiifed by Cold, yet I have 
fk^Misli^ <f^ve0^fouiidthgt>thegfftateft Gokly aiadeaay Alte^tiaii 
'%^0i^ ^ the Heigtet^rf the QutcWilver in ihe Tube. The Rea- 
an4^tAb4^.. 4^Qf which,: ia my Ot)iniQn9 is, that thp C^ld being y«Fy 
'^''^SSU' "^^^ the fame ol/e/ a great Part of the Superficies ^»tiic 
Zg^ttf^ JEa«^h, the Air does not pafe from we Country to another 
a/^^r i>. 4q that the Bulk or Q^uatity of it is- i^creafed ; ^ut it 
^b^tflg /candeiifed = wJy . ^frontt the Top , to the Bottom, it 
=^j|tei%me,Qya»titjr' of Air, ^t pteffes upon any par- 
jjggtilar {Place of .fthfe Earth; fef. thai: all tli Difieiwce 
[tisM |:h«r^ can ari^ in the Air, lonuft be imputed to mere 
oriks (i).Vappiu$ afld £x}M(ialioi9i9,r: which are contained 
r 8lik>t?idi|S^i^Swrfoi5i$, %nd tor the Winds, which blow 

^ -ji^fm^iftn^ «p>yaJrfa anA lanif^imfls> dowp'wajate. 
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' fiy VAfourt (tnJ Exhalaiioni) It tlie ^/V TjrV /^y Js heavier than tb9 

4(l« been ft>ng otiiTerY^, thtt in dofi^ yapomrt,' kii4 |ifwd to fttfypett th«iB« 

j;(&4 rainy Weatiker> tHie Q^^fSAypr. . Iiqcavie iu F^rtfdei fti«,fr»ffer> and 

does not r^fe fo bit,!), n% ivhoait is. priff from <lenfc;r Bodicf* thai} the 

dfy and clear ; wHicJi has hfifsx TPaVticles of Vapours. • 

thodght by t^mt to «^cr(JhiK>l^ the fn the firft I^Jace therefore, thh 

whole Thtory o» th^ W«ig|ut of |he> Weight «f the Air, in4r>yfaHicui0r 

Air 5 and indeed it is very ^M^xxU^ Country j^ iDay be io changed l>y the 

to explain pa rticnlarlythB Can feV of' fl^indi, that the 4tinoipfaere may 

'«U tbe*TOrioU9.4nditniiiute Cfaangci' he oitide&iEbd anJI made . hea.vkr9 by 

^f xhe Heayeos ; 4^ft reat deal Jt«ow^ briiying « . greater Quantity fif 4^, 

ing to thc^Vinds^ vm'vch blow foine- aB4 heaping it together y vi», when- 

4«fnes upwards," fometixnes down- etcr twc> Winds blow at the ftne 

wior49. an^. Ibiaetteri iskJVajtej t; dxit t6»m ccmtrary ^iirt« of the 

l^reat deal to Vapou«4 } ^ grcajt deal, ^eay^t^ oribme of the^ Air. ma^r 

to Steams rfing out of the ia^th • be carried or blown awajr by them, 

fometbing inuft be ^fctibcd io "^ Al- 'aftd'Hierebynn Ojrportimity given 4# 

tera)«bn ofthe fiq^fnifi in tl« n«i^- the ^Mlpfp^ere t^ unftjld it feJf, the 

l>oujring Countriniandi)eiiw|J?:f me- incmmbeDt Weight beMlg taken ofl; 
thingto that i^T^x and /?>j7«x which ' «/*. as ofcen as two Winds blow 

(The Moon tauies in the .^ir> which ' from the f*mt Country to >cppofite 

js much' greater t^aji rHiac in. ||te. F^r^ f^^the li^yeiu } or wheafoe- 

Sea, i^c- To account for all which ver any one particular Wind is very 

pArticuJarly and exafily^ would be J^T9a%y for it is found by Experience, 

cndleis* However^ toj>ropof6 fotne- that an artificial ftrong Wind maket 

thing which may come pretty near ^e Air ligixter, and thc'Qaick^STer 

tb» Tjtuth p^ 4ia to be obltrvedj tha$ |a the Tube to fall very muchi Sn 

tbt 
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42. As to any Alteration in the Height of the Quick- J*.;^' 
filver, which may be thought to arife from the Dilatation a,Mthtbi 
of the fttbtll Matter in the Top of the Tube, hy the Summer, mtr 
Heat of the Summer, or the Contradion of it by the ^^ ^» 
Cold of the Winter, it cannot be at all fenfible : For ^/^, ^3"^'* 
Experience flioWs us, that if this Matter be heated hjfinfihhf du 
a Fire, much morfe than it can be by the Heat of the ^^V^^^**' 
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Secondly, CU4 and mitrwt Par^ 
ticlet 9ftbe Air it felf, £ondtnJtdiy 
Cold from the North muftcondenfe 
the Atmof^here wherever it cornea, 
and malce it heavier. 
^ Thirdly, Heavy and dry Exhala- 
tions make the Air heavy ( in the 
<*nie manner as the Specifick Gra- 
^ty of any Merfinum is incfeaiad, 
by diffolving Salts and Metals) and 
its elapick Force ^ as it is called, 
noft thereby become ib muth the 
ftronger. 

Fourthly, When the Air bj thefe 
and foch like Canfes is becoaae hea- 
vjF, then 1c is mote able to fapport 
tke Vapours f vi^ich when they are 
entirely mixt' with it, and fwim 
abont, and arc every way difperfed 
in it, make the Sky ferene and dear: 
But when the Air hom the contrary 
Cauies, is made lighter, then Is it 
tjmMe to fupport the Vapours with 
^fkkk it » always filled, and fo be- 
ing put into fome ibrt of violent A- 
gftation, they gather therafelvcs into 
Clouds aa# Mifts, and being formed 
into Drops, fall down. 

From thcfe Obfervations, it is ve- 
ry evident, that the fame Caufes, 
which make the Atr' heavirv, and 
more able to £iftahi the Qoickfilver 
in the Tube, make the Heavens alfo 
cfear and dry j and by the fime 
Onifts by which the A^f is made 
]%hter, and Icfs able to fuftain thd 
CIgickfilver, are Showers and Rain 
produced aHb. 

Hence it foHowi. Firft,Thtt when 
the Air is llghtefi, and the Qutck- 
niver falls loweft in the Tube, then 
the Clouds move very low and quick ; 
and that dear Air, which after JUin, 
appears between the thick Clouds, 
being difcharged of its Vapours,feems 
dioft tranfparent and Inright, and 
gives the beft and eafieft proJpe€t of 
Things at a diftance. 

Secondly, When the Air is more 
bcavy^ and the Qa)ckfilf«r i^ raifei 


higher in the Tube, then the Hea/'^'^ *«•#• 
vens are fair, but a Uitle thicker, '''^ '* '*• 
and not quite (o bhie, by reafon of ^^* 
the Vapours which are every way e- 
qually difperfed about ; and as hai 
been by many oMerved, it does not 
afford fo good a ProfpeA of Thiaca 
at a diftaoce; and if there do ap- 
pear any Clouds, they are very high 
and mo9t very flow ; andwben the 
Alrifheavieftof all, the Earth b 
fometimea covered with vety thick 
Clouds, which feem to confift of 
Iwavier Tost of Bxhafetiona, whidi 
the Air at that time is capable of 
fuftaining, but which cannot fwim 
in lighter Air. 

Thirdly, Hence it It, thatlii onr 
own Country, when the Cold is great- 
eft, and the North and North Eaft 
Whida blow, the Qoickfilver in the 
Tnbe is higheft |becaufc atthnt thae 
two Winds blow together opoa onr 
Country from oppofice Parte of Che 
Heavens \ for in the Atlanttek 0< 
cean, acthefrmel^iM^withiis, 
the Wind blows almoft always from 
the Weft. To which we may add* 
that the Air which h brought hi* 
ther by iht North Wind , cones 
condenied by the Cold. 

Fourthly, In the moil Northern 
Countries, thefe is greater Vartotioft 
of the HiighC of the Quickfilver ia 
the Tube, than in thoie Countries 
which are more South, becaufe in 
thdiii^ Qwntffkt , the Winds are 
ftroogey and» more vari^e } and 
oppofed by each other in a lefs Tn€i 
of Ltni ; whence the Air ii (bme- 
times mete heaped Of mndcoodcn- 
led, and fometimes carried nwayanA 
lightned. 

Laft^y,' Betwem the Trapicks» 
there ia the leaft Vnriation of idl, in 
the Height of the Quickfilver In the , 
Tube, becaufe there the Wind ia 
for the moft part very gentle, and 
blows the fiime way. 

See the Pbiloffbical TrgnfMainUg 
If amber iSz« 
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Sun» it will not make the Quickfilver defcend at all ^ 
and: if tbe Hc^t of Summer can do nothing towards leu- 
fibly dilating it, the Cold of the Winter can much le& 
do any Thing towards the condenfing it. 
4^. Boio 43. 3ut whatever be the Caufe of the Quickfilvcr's 
^!^t!»Dif' rifmg and falling in a Tube, where tjic Experiment is 
fitthci in /i^ continual ; the greateft Height ' that I have obfervcd for 
Height of the fifteen Years, in a Tube which I prepared for that Pur- 
^tckftiver p^^g^ ,^^^ Twenty eight Inches, and a third Part of an 
Inch ; and the loweft was Twenty fix Inches and fevcn 
twelfth Parts of an Inch ; fo that the greateft Difference 
in the Height of the Quickfilver, was an Inch and three 
quarters. 
44. Tiat 44. Though all thefe Experiments arefufficicnt to con- 
tbeBeight vihce us, that it is by the Weight of the Air, that the 
sJickftiver Water or Quickfilver is fupported or made to rife in' the 
9u£bt to b» Tube; yet it is eafy to conceive how there may be an 
IpfrTof'' Alteration made in the Height of the Quickfdver, and yet 
tfij^'Jt^ no Change made in the Air it felf : In order to this, we 
Seiibt, need only make the Experiment in two different Places, 
the one the higheft, and the other the loweft that we can 
come at : For there being a lefs Quantity of heavy Air in 
the higheft Place^ the Quickfilver cannot be fupported by 
it to fo great a Height as in the loweft. ; 

♦5. Tbefrfl 45- Now in order to try if Experience would agree 
£*priment, with our Rcafoning, I filled a Ti^be three Foot and a half 
long, with Quickfilver, and immerfed it into a deep and 
ftrait Veffel, into which it emptied it felf as, ufual ; after 
which I fixed them both in a Wooden Frame, made for 
that Purpofe: And now the Inftrument being fuch as 
could conveniently be carried from one Place to another, 
without any Danger of fpilling : I carried it to the Sur-* 
fece of the River Seine^ which happened then to be frozen, 
and obfervcd cxaftly the Height of the Mejcury : After 
which, I went up one of the Towers of the Church of 
the Virgin Mary ^t Parisy which is about Two "hundred 
and fixteeh Feet higher than the Place where the firtt 
Experiment was made 5 and h^re I found the Quickfilver 
was not fo high in the Tube as before, by near three 
Lines, that is^ near a quarter of an Inch. 
46. Another 4^* The fame Experiment was tried in Auvergne, in 
moreffnfMe ohc of thc lowcft Pkccs of the Town of Clermonty and 
£j,fertment. ^p^^ ^^ 'pop of a neighbouring Mountain, called Puy 
de Domcy which is about three thoufand Foot higher than 
th^ Vally, and th^ Difference in the Height of the 
Quickfilver was found to be above three Inches. 

47. As 
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*47, As thi» 'Experiment is more renlibie than mine, if 47* AMe* 
it was m^5 as there is Reafon to think it was^ with all yj^''^^^"''" 
the Exadneis one could wifh; it furnUhes us with an Height of 
cafy Method of finding the Height of the whole Air, fup- ^^^ ^''^• 
ppfing it to beevecf where of the fame Denfity as it is 
ndar die Earth : For finca upon taking away Three thou- 
fand Eeet of Air, the Cjdckfilver finks three Inches, this • 

is a Pxoof, that a Column* of Quickfilver of three Inches 
high^ wdghs equal to Three thoufand Feet of Air, and 
confeqaently the Height <)# the whole Air, which coun- 
terpoife^ Twenty feven Inches and. a half of Quickfilver, 
is Twicnty feven thoufand and five hundred^Feet high. 

48. As therefore weconckide, that when there is lefs ^i.rbaeau 
Height of the grolfar Air to prefe upon the Quickfilver '^< ^iV*- 
in the Vefla ; there ought aUb to be lefs Height of that g';^,'^^^ 
in the Tube ; for the fiune Reafon, if we fuppofe that ete Tube, if 
there were no grois Ait at all to prds it upwards, we ^btrewreM 
^oght to conclude that all the Quickfilver would fall down, ^jl ^^[Jj^ 
fo that That ia the Tube would be level with that in the the Vejfth 
Vcflel. \ 

'49* Some have imagined it Jmpoffible to make any 49. ^D<;. 
Obfervation by which it ihould appear, that Reafon and ^^^^^'TJ^ 
Experience agree in this Particular ; becaufe there is no ^'toZ'ah 
Mountain high enough to carry us up to the upper Sur- tbh Expt^ 
face of the Ajrj and becaufe, if there were, the Air ''""*^* 
would be fo thin, that: we could not breathe in it. But I 
thought of a Means ta remove thefe two Difficulties, and- 
by wUch the Thing might eafily be effected ; and that 
was, to prepare fome fmall Room, with tranfparent 
Wails, which one might iiand without knd look upon, 
witHoui any Danger from what might happen within. I 
caufed tlierefore a Gkfs Inflrument to be made, accord- 
ing to the following Reprefentation. BC is a Tube, T»b. I. 
upwards of Twenty feven Inches and a half long, and ^*** T* 
is (^pen at C : AB is a^large Cavity, which has a Com- 
munication with B C by the Part BL, and is doied, and 
has no Aperture at A : D£ is a fmall Glafs Tube flop- 
ped up at the End D, and fficks out of the Cavity AB> 
by the Length FE, and is open atE : Befides there is 
a fmall HoleF in this little Tube, where it is cemented 
on the outfide to the Glafs AB in fuich a manner, that 
the Cavity of the little Tube has a Communication, 
with the large Cavity A B by this little Hole F : tafUy, 
by means of the Neck B G, the external Air has a 
Communication with that in the whole Tube ABC. 

50. I 
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^o. How 50. I firft ftop the Hole G with a Hog's^Bhdder, and 
j^Cte turning tbc whole Inftmmcnt, fo that the End C 
u u u^td. be uppermoft, then I pour in the .Quickfilver at 

Hole £, which at firft fillsoiily ih the little Tube DFi:, 
but when lit is full up to F, then continuing ftiU to pour 
in, it runs through the Hole there, and filb the Carity^ 
AB which furrounds this Tube,* which I fill upas high 
as B ; then I fill the reft of the lacg^ Cavity, .pouring 
the Quickfilver in at C, 'till it xifes as &r as the Hole E^ 
which I ftop theA with a Hof^s-JBladder ; after this, I 
contmue.to pour the QuickiUvev in at the Hole C, 'till 
the Tube BC is quite fiiU: .Having done this, I flop 
ths Hole C with my Finger, ^od jnvert the whole In- 
ftrument which is full of Quickfilyer as ufiial, and im- 
merfe ii: in a VelTel of the Swx^i Then the Cavity A F 
empties itielf as far as I L, and atjtlie fame Time, .the 
little Tube DFE emptier it felf to the lame Hei^, and 
the Tube C empties it &lf to H, which is Twenty fevcn 
Inches and a hidf above the Quick&lver in the Veflel : 
And thus we fee that Reafon and Experience agree : for 
as there is no grois Air to pfo6 upon . the Sia6ce I L 
of the Quickfilver which refltaiss in the Bafon .IFL9 
fo there is nothing to force it to rife in the lii^ .Tube 
DFE. 
5T. Swr» 51* Now if the HogVBIadder which ftops the Hde 
priz^ing Ef- at G, bq pricked with a Needle, it is evident,, that the 
{blEntZnte gToflcr Ajr which entsers into the Gsvity ABG ought to 
of the Air produce Two very difierent, and therefojce vcryreaiark- 
7rlm^nu' ^blc EfFcfls : The firfl is. That prfifling u|» theKJuick 
prumtn , fjy^^ which is dircftly under. G, it will cauiek tode- 
fcend ; and alfo pitiSng upon the Surface IL of the Quick* 
filver which remains in the Bafoti IFL, it wittmake Part 
of it to afcend \ti the little Tube DFE, and fill itfquite 
full, provided it does not e^cceed Twenty feven Inches 
and a half in Length* The Experiment wjH beinore 
pleafant, if after the . Hog VBladder, with wliich the 
Hole G is ftopped, he pricked^ the Needle be puUed 
back feveral timeaa very littk,* ta l0t^ little Air>in at a 
time through thc'Hole, and then diruft forwacd to ftop 
it again : for then you will have the Pleafure to fee the 
Quickfilver in the! little Tube D(FE afcend by littk and 
little at thrfeveral times, a&d: thst in the Tube BC. 
dcfcend in the fame manner. Then if the Needle be 
pulled out all at once, you Willii9e at the fame time. 

it 
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<t will rife as much on tit one Hand, as it falls on 
theotben (i) 

5a. If the Liquor ividi which the Bafon hdonging to 5«* ^^' 
the Tube is filled, ftUs all down, becanfc there is no Air 'tJT'^"' 
to fwppon k, as we fee in the foregoing Experiment, dravm into 
wrheis the little Tube DF£, is entirely emptied of the " Sjringe 
Qwckfilver ; the Roaftm holds ftrongcr for its not rifing, JJ'tT'Jf; « 
if theie be n» Air to thnifi: it up; wheiefoce there is no fifport it. 
notd of making any Experiment, to be afluxed, that the 
Water ought not to rife in a Syringe, when the Sucker is 
dcawn, if the Veflel m which the End of the Syringe is 
inunerfed, be (o flopped, that the external Air cannot 
ettfer into it. : But if any one be fliU fo obftinate, as not 
to be content wkhbut inferring it to Experience, he need 
only put the End of the Syringe into the Mouth of a 
Gla(s Bottle, which is round and ftrong, and full of 
Water ; but not begin to dcaw the Sucker, till the 
Mouth of the Bottle Ix well flopped with Wax, or fome 
fitch Thing, to pievent the external Air entring ; and 
then he will fee that the Water will not rife at all in the 
Syringe. 

53. Thatwemsnrgoon to ex{dain the moft confidera- 53. tn^ 
bk Phttnemena of Hydraulick Inftruments ; I come now '^' ^eigia 
to give an Account of the Syphon. Lef ABCD then be Xt^fj^ 
fiich a Syphon, the fliorter Arm of which CD is put in* a/iraifetu 
to a Veffel of Water ; Then, as has been often (aid, the f^^rj" * 
Air which prefles upon the Water which is in the Veflel, 1*]^ |]^ 
ought not to make it rife up in the Syphon, becaufe the Fig. i. 
Air which is in the Syphon hind^s it. 

54. But if the Water in the Veffel be made to rife up ?**^ *^'^ 
into the Syphon, either by fijcking it at the End A, or "JtliH^al 
any other way, fo that it be filled quite full of Water, ter'irijngin 
•and then we take our Moudi away from the Hole A, the ^'^ ^yf*»»*' 
Water will not ceafe to run, but continue running, fo 

long as the fhorter Arm CD remains in the Water in the 
Veffel : The Reafon of which is this. So long as the 
fhorter Aitn CD is inunerfed in the Water, the Force of 
the Air iiideed, which prefles upon the Water in the Vef- 
fel, and which endeavours to make it rife in this Arm, is 
not fenfibly greater or lefs, than the Force of the Air 
which endeavours to repell it, when it offers to run out 
at tlw Hole in the other Arm : But becaufe the Force of 

* 

(i) You mty fio4 the Defcrip- Air Pomp of the fanons Mr. BeyU 

tion of an Inftrament not mach exceeds them' all, and is (6 well 

unlike this in the Ex^riminti of kaowo^ that I need- not defcribe it* 
ibt jSeadimjf dtiCimntOt But the 

each 
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CRch of thefe two Arms k dimini(hed, in propc^tioii tc 
the"Weight of the Water which each of them iinpeb; 
atid the Weight of the Water in the longer Arm. being 
heavier, than that in the fhorter Arm ; it follows, that 
. there remains more Force in the Air which aftsupon the 
Water in the Veflel^ to make it rife up in the fhortef 
Arm, than there does in the other to repel ; fo that it is 
indeed made to rife, and forced to nm out through the 
ionger Arm, notwithftanding the Refiftanoe of the Air 
which oppofes it* 

55. How 5S* I here fuppofe^ that the Arms of the. S}?phon do 
high the not exceed that Height of the Liquor which the Air would 
s'^^ofJuS f^^^ ^ ^ perpendicular Tube 5 for if they be longer, 
^for the the Liquor with which the Syphon is filled, will divide 
jf^aterto af- ^t the Top,. and defcend in each, of the Arms 5 which 
^^" ' is confirined by Experience, 

56. How 56. After fo many different Explications -as have been 
the Airii already given, I don't think it neceflary to inlarge much 
i^Pa^r^of upon explaining how the Air enters, and is received into 
Beiiowi. a Pair of Bellows j for it iseafy to apprehend, that when 

the Sides are feparated from each other, they thruft for- 
ward the Air, which -not being able to move freelyevery 
way (i) becaufe the World is full 5 or at leaft not being 
able to enter in at the Nofe with Eafe, and quick 
, enough to fill readily that Space which is left by the Sides 
of the Bellows when they are opened ; it is turned back, 
and enters with Eafe and Swiftnefs through the Holes of 
. . . the Bellows.; . ^ 

57. Hcio 57, It is proper here to obferve, that wie receive in the 
'^ ^^_r Air by Refpiration, much aft©r the fame, manner : For it 
juffiration. is Certain, That the Mufcle of the Thorax and Abdo- 
men, ferve to diftend, and fwell the Body, by which 
Means the Air being thruft back, gets into the Hollow 
of the Lungs through the Mouth and Noftrils, 

8. TFhevce 5^' ^^^ ^^y I^^^culty here is, that fince we fuftain a 

hittbaeivs great many Columns of Air, which are all heavy, and 

jindnoDif- which prefs upon the external Parts of our Body, and 

^brUmnT, ^^'■"ft^^ inwards; it ftiould feemthatwe ought to- feci 

•** fome Difficulty in breathing, in order to overcome this 

Refiftance : But the Anfwer is eafy ; For if there be fome 

(i) Becavje tbt World it full) open. Whicb I reaiailc hore, to 

_ Whcsker he World be full or act, (how, that whatever bccomesof the 

it J5 the fame Thing 5 for it cannot Fujnefs of the World, the E<pnca- 

bc. but that the Air hy its own t;on of thefc and fuch like Motions, 


Weight (ffwi/ 5/»r/«^) muftru/htnto is the fame. 
rh5 empty Bellows when they art 


to 
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to thruft it inwards, there are alfo a fufficient Quantity 
of others, which enter into the Cavity of the Breaft to 
prefs it outwards j fo that there is an ^equilibrium between^ 
theie Forces or Powers^: and this is the Reafon why we 
ought not to find any Difficulty in Breathing, or if we 
do, it is owing to (bme other Caufe. 

59. The fucking in of Air through a Quill is done in 59*' Bow it 
the feme man,ner 2$ Refpiration ; for it is the fame as iffuckfa^r. 
our Mouth were as Jong as the Quill. 

60. If we try to fuck a heavy Liquor through aQuill 60. JFfy it 
dipped into it, we ought to find fo much the greater Difr iam^rediffi* 
iiculty as the C^iantity of Liquor we make to rife is J^fj!^/** 
greater^ becaufe this Liquor preiEng by its Weight upon quor, 

the external Air which endeavours to rake it in the 
Quill, (i) hinders it from impelling and affifting the Air 
which is in the Lungs, fo much as it ufually does ; by 
which means the Air in the Lungs is weakned, and has 
juft fo much lefs Force to thruft the Parts of the Body 
outwards, than the Air which is applied to the external 
Sur£cice of the Body has to thruft them inwards, as the 
Liquor which is caufed to rife in the Quill is heavier, 

61. I fhallfinifli what I have to fay concerning this 61. Cwr- 
Sort of Motio^ with explaining that Swelling which m^fcu% 
Suigeons make in the Flefli, by the Application of Cu^- ping-Gtaffu 
ping-Glaffes j the common Method of which, and that 

to which all others may be reduced is this 5 They take a 
fmall round Card, upon which they fix four fliort pieces 
of Wax-Candle, which they light, and fet like a Candle- 
ftick upon the Part of the Body which they intend to cup : 
Then they coyer all the Candles with the .Ciipping-GLift, 
but do not put it clofe to the Flefli, 'till the Air that is 
within it, is fufficiently heated ;. then as foon as it is. 

(1) Hindirt it from impelling) If fed by the exterAal Air with lefs t 

the entire Weight of the Li^oroiiiy greater Difficulty^ according as thejr 

be oonftlered j we- rouft fay, that the are lefs or greater in Height and not 

Diiiiculty of Sucking, is therefore in Tb'ickntft ; therefore if ^e fuppofe 

plater or lefs, becaufe> in proportion two fuch Columns, one of whidi it 

tothegteaterorlefsf^e/^Afor 7i/V*- twice as high as the other, and this 

fufs of the CoIuoOB of Liquor, the pther twice as thick as that \ though 

Breaft is more or lefs diftended by it be plain, that in both Cafes, tliere 

the Power of the Alufcles j ^o thit is the fame Quantity of Air to be 

the ReSflance of the internal Air fucked out of the Quill, and the fame ' 

(by which it eodeavonrs to h'nder Quantity of Liquor to be fucked 

the Li^uoi from.riAng) muft be fo through it j yet it is evident, that a 

much more or lefs weakned by Ra- greater Difiention of the Breaft, and 

refadion, according to the Power of a greater Force of the Mufcies it 

iJie external Air> to raife 4ip the hea« required, that is, it' is mbre difficult 

vy Liquor to the Mouth. But be- to fuck or raife up the Firft than 

€AuXb tbe ColttOMt of Liquor are rai- the Second. 

put 
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put dofe, the Candles ga out, and we lee the Flefh fwcS, 
and rife up. 
6%' JFbf ^^* ^^ order to nnderftand the Reaion of dns Expert^ 
the Fiefi meitt, it is to be obftrved ; that during that fhorc time 
fmtfft. i^hat the Candles continue light, the Air which is in the 
Cupping-Glafs, (i) though very much a^tated and di- 
lated by the Fhme, does however prefe upon the flefh, 
as much as it did befbie ; becaufe the Oippim-Ghfi being 
not yet put quite clofe, does not take off any of tfae 
Weight, which it had before it was dilated ; but it is 
otherwifb after the Candles are extinguifhed by the im- 
mediate Appficatton of the Cupping-OliUs to the Body : 
For then the Air which is contained in it, is no longer 
prcficd upon "by the Air without ; and as.kgrow^ cocker, 
it has not Force fufficient to take up ftch a Compais, as 
when it was agitated by the Heat : Wherefore fince aO 
the other Parts of the Body are pitflfed upon by the ex- 
ternal Air, which alfo prefles the Cupping-GIsds to the 
Body, the one muft of neceffity enter' into the other ; 
that is, the Flefh nrmft be thruft into the Cupping-Gkfi, 
and the Air within it condenfed. 

(i) Thm^k vtry myeb tfiiMtd Thfo Blpliartita h»4 been ibmewlut 
amd dilaudly the Flame , doe* howe^ more pitin, if the Awthor 


ver prtf$ upon the Fltfli a% much at though dilated ^y the Flam, jrff 

it did befire, beeaufe the Cvppif^- finu it uvery rnticb agitated, it dees 

Glaft being met yet fut quite ehje, hememer. Nor wa« there any need 

doet not takeoff any oj the fFeigbt, of having retourje tf the H^eigh^^f 

Vfbich it had before it was dilated) the external Air here, 

CHAP. XIII. 

Of the Determinatm of Motion. 

t.jrbatit 'I^HEN a Body moves any {^articular way, the 
meant by the Tr Difpofition timt it has to move that way, ratW 
tim^^'^Mo- than any other, is what we cs^l its Determination, 
tion. 2. Determination is a Mode . which .is dilitingi.^i(W 

Tb^D fr^"^ Motion^ and which may remain the fame, how 
mnatiw^is "fiuch focver the Motion be ihcreafed or diniiniftied': 
fomething Thus a Stonc that falls freely in tl^e Aiy, has a certaiii 
jifj/f /^"" Quantity of Motion, and at the feme time has alfo a 
The firfi certain Quantity of Determination of Motion downwards; 
freof. ' 'and 
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smcf if itJbad been thrown oblique from the fanfie Place, 
lb aa to have come to the Ground in the ikitxe.time, it 
vrbidd have had the fame Quantity of Determination^ 
hii% ^ greater of Motion. 

3 . Another Proof, that Ditmrnnatim differs from Mth- 3- '^*f*hir 
tion^ is, that k depends upon a different Caufe from that ^''*^" 
of Motion. ; thus in a Ball ftmck by a^ Racket, the Mb- 

~tiort Is owing to the Force with which the ^ackiet is 
moved, but the Determination towards any Part is owing -- , 
to the Situation of the Racket. , -' 

4. Since every Thitig endeavours as much as^ it can to ^ t^^^ ^' 
continue in the State ip which it once is, it. is Wident, Body doe» 
that a Body which ^s once begun, to move with a cer- T*^.^*j!^^ 
tain Determination^ ought always to keep the fame ; that ^lJto/\^ 
is, .it ought always to move in a ftreight Line ; for thfe is wky^ hiit [ 
the only Determination tioLt is (l) natural to a Body in^^^'«'«w 
Motion: Wherefore when it was faid above, that when /r«^^/ 
^y Body was moved in a ftreight Line, other Bodies ^«w. 
muft neceflarily be moved with a circular Motion, we 

are not to think, that thofe which thus turn out of a 
ftreight Line, tend to do fo of themfelves, but they are 
foi'ced to do fo, by meeting with, and being impelled by 
othei: Bodies. 

5. Therefore when. we fee a Body move in the Sides 5. ^ae 
of a Square, we conclude, .that in the Places where it^^y B<k^ 
ch2j\ges}tsjDeterminationy it is forced to turn out of the T"*^*"*?*** 
^^Yi ^y iP^^ting other Bodies, the Refiftance of which, nforjg^i ,J 
it could not overcoiue. So Kkewife if a Body moves d9fi, 
through the Sides of an Oftagon, we can't but my, that 


(l) Natural to a Boiy^ in M»- 
tkn) Mr. Pirravlt in his Tentam. 
Pbyf- Tern. I. /.So, 88. coatendf, 
that Motiofv in a Circie is at natu- 
ral as in a Areight Line f fot ter« 
rqlUial- 9o4ie8 turned roaod> ^n^c^i- 
vour to go off from (he Center of 
theit Motion^ becaufe they are hea- 
vy; hot if • Bo^y that had no 
Weight at all were turned round ^ it 
would revolve about its Ceoterfreely 
without any Impalfe, and would not 
mdcav^r to g» oil ffom it : Thoa 
if a J3all of Wax bt fo made hollow » 
as to equal In Weight an equal Bullc 
«f Water, it wiU To coihply witlt 
the Motion ot the Water turned 
fO^nd. jn-a VelTel full of Water, 
that it will always defcrlhe the faose 
Citde', and never attempt to gp oft' 
Iteav the Center of it; Motion. 
But ( bcfides that there It no fuch 


Thing as a Body void of all heavs- 

nefg] this Affertion is contrary to all 
Reafon, and this veiy Experiment 
pn^ves nothing lels, than what this 
eminent Perfoa imagined "; For 
what can be more evident, than that 
this Ball endeavours to go off from 
the Center of its Motion, but can- 
not get off, becaafo all the Parts of 
the Water endeivour at the fame 
time to go off from the fame Center, 
and with the fame Force, becaufe 
equally folid ; and therefore (lace the 
Sides of the Veffel hinder them from 
going all off together, > there, is no 
leafon why the Ball of Wax fliould 
recede from the Center, and impel 
'the Parts of the Water to the Cen- 
ter, any more than there is for the 
Parts I of the Water to recede from 
the fame Center, and drive the Ball 
thlthef* 

it 
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it is eight times forced to turn out of the wa^ ; ^uid finer 
a Circle is equal to a Figui?e (^ an infinite Number of 
Sides ; it follows, ths^ a Body which moves in a Circle 
is forced to turn out of the way every Moment, either 
by the continual Refiftance of Bodies which it every wlieie 
meets with, or becaufe it is retained by (bmething 'which 
obliges it to keep always at the fame Diftance, and to 
run through the Circle defcribed ; otherwife it is certain 
it would not defcribe a Curve Line at all. 
fJ:^.. . 6- ForExample; if theBodyAdcfcribesbyitsMo. 
then itou^t tion part of the Circle BCD, it muft be contmually tum- 
to move in ed out of its Courfe from one of theforementioned Cau- 
tf^bat^ct- ^^ • If» "wYi^n it comes to the Point D, it (hould be no 
^ tU ^vhicb h longer forced ; either becaufe the Bodies which it. meets 
^e^/W with, fhould make no further Refiftance, or the Thread 
^7 ji. which conneAed it witli the Center, and hindred it from 
Fig. a. flying off, fhould break ; it would not continue to de- 
fcribe the Arch DEB, but it would defcribe a ftreight 
Line, which would run the moft direftly that is poffible 
from the Arch CD, that is, it would defcribe the Line 
DF, which is the Tangent of this Circle, and makes the 
leafl Angle that can be with the Circumference, and 
which, as you fee, grows more and more dif^ant from 
the Center : This is confirmed by an infinite Number of 
Experiments. 

7. BodUi 7, And finceaBody in Motion has always aTendency 
TnaCinU^ to defcribe that Line,, which it would defcribe if it were 
endeawur 'to at liberty ; and what was faid of the Body A, is to be 
go ?^/'^e« underftood in general of all other Bodies ; we muft con- 
\be cwcU c^lude, that Bodies which move in a Circle, have a per- 
njobicb tbty petual 7>ndency to recede from the Center of their Mo- 
^'/^'''^'^'^tion; and this they ought to do with a Force fo much 
^Jiaap' ^^ greater, as their Motion is quick. Wherefore, if the 
^oacb to it, greater part of the Space contained in the Circumference 

BCDE be full of Bodies which move round the Center 
G, they will pufh all the other Bodies with which they 
are encompafled, and drive them as far from the Center 
as they can : But if thefe Latter can find no Place to retire 
to, they will be forced, in order to give Place to the other, 
to go nearer the Center ; in the fame manner as when we 

8. Tbat a dip Our Hand into a PaU of Water, the Water is forced to 
Body in give way to our Hand, and to remove from the Bottom, 
f^'Z7r^ which it has a Tendency to by its own Weight. ^ 
anotberBody 8. It is evident, that a Body lofes fo much of its own 
which it Motion as it communicates to other Bodies : Now if k 
'tugbtTTbl' communicatee no Mgtiga »t all tQ others, ( we- do not 
Tfficatd, * here 
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here confider what may be occafioned by its Softneis, 
Weight or Figure) we have no Reafon to think that it 
fhould at all abate of its Velocity. Wherefore if a Bo-^ 
dy in Motion ftrikes upon another, which it cannot move 
at all, we ought to conclude, that it will continue to 
move on with the fame Celerity as it did before ; but 
becaufe the Body, which it cannot move, hinders its 
Determination-, it muft necellarily alter this Determna- 
timy that is, it will be refle&ed. 

9. This Second Determiiiation, may indeed be con- 9* ^*^ 
trary to thi&Fir/i: but becaufe the Notion we have of ^^^^/j'^**'/ 
refie&ed Motion is not different from the Notion we have Rtfi\n ibi 
of direSi Motion^ we ought not to think that thefe Mo- Point •/ 
tions are contraiy to each other, but that ( i ) the onje b ^'-P^'^' 
only a Continuation of the other, and confequently, 

that there is not any Moment of Reft in the point of 
Reflexion, as fome Philofophers have imagined* 

10. Bdfides, if a Body which was in Motion, comes '®* ^^' 
to be but one Moment at Reft, it wiU have wholly 3JX 
changed its manner of exifting into the contrary, in which impoffibu^ if 
theitvnll be as much Reafon for its continuing, as if it '^^^w** ^ 
had been at Reft a whole Age ; in the fame manner, as ^a ^ 
if a Body which Was once fquare, was made round but 

one Moment, it will have as much Reafon as ever it 
had, to continue in this Figure. 

ir. When a Body falls perpendicular upon another, U'^^'f 
which is hart! and immoveable, it is evident, that the Re-/^///^^*^^. 
flexion ought to be made in the fame Line, in which dkuUriy 
the Body moved before, there being no Reafon why it *^'"' ***: 
ihould incline one way rather than another : Wherefore /^X'/^r* 
there is no Difliculty in this Matter, except- when the udperpen^ . 
Line m which the Body b^ins to move makes oblique ^''*^^^J* 
Angles with the Superficies of the Body againft which it 
ftrikes. .But the Judgement we are to make of this, de- 
pends upon what we are going to fay concerning the 
Compofition of Motion* ^d of its Determination. 


(i) TktoHtisonly it Continuation 
0/ the other) fiut it is not fo« For 
Bodiet tobteb are either abfolutely 
tardi offof^ty ai to bo void of B' 
Ufiitity, toiU not rebound fro^ each 
other f Imfenttrab'hty only tnakts 
tbtmfiop' Neiwt, Optic. pMg. 373. 
Seeabove, Ch«p. x* Artie* 13. 

Further, there may be a Moment 
of Refty in the Point of Reflexion : 
becaufe the refle^d Motion, is not 

Vol.. I. 


a Continuation of the DireA ; but a 
new Motion imprefled by a new 
Force, vr«. the Force of Eiafticity^ 
As to what our Author fays; that 
if the Body refted but one Moment^ 
it ought ai much to continue in that 
new Sute of Reft, as i^ it had refted 
a whole Age j it is indeed true, with 
regard to the former Motion ; but 
fince BlajUcity is the Canfeof a ntw 
Motion, th« Reafon Is nry dlfioreot* 
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CHAP. XIV. 

C(f the Compofition of Motumy and of iff Deter* 

minatm. 

1. Whit it A I^ L Motkm that depends upon twoor more Caufis, 
fu^nt by •". wc call Cmpound Motiofi : Thus, if one Fence 
^mS*^ afbng upon the Body A, would caufe it to move along 

the Line AB, and at the &me time another Force a<fti^ 
Kg 3. ^^^ ^'^^ ^"^^ Body A, wotild caufe it to move along d^e^ 
Line' AC, the Motion which will arife from the Aftion 
of thefe two Forces, or from thefe two Caufes, will be 
a compound Motion. 

2. Two other 2. In order to find out what Line the Motion, which 
Motions Ac- depends thus upon two Caufes, ought to be made tn ; 
'^/tbl^o^. let the two Lines be drawn, which the Body would move 
pound Mo* in, if each 6i thefe Caufes produced their HtScA fepa- 
Tplb ratdy. For Example, if the firft Caufe would in a given 
Fif.' 3/' Time, make the ^xly A move from its Place, as £tr as 

B ; and if the Second Caufe would in the &nie Tinie,' 
make it move to C ; let the Lines AB, AC, be drawn ; 
the^ having divided the Time in which this Motion'was 
made, into as many equal Parts as you will, divide the 
Line AB into as many, by the Points E, F, G, and the 
Line AC into as many alfo, by the Points H, I, L ; fo 
that, if the firft Caufe aded alone, the Body A would 
come to the Point E, in the firft P^ut of the Time j to 
the Point F, in the fecond Part ; to the Point G in the 
third Part ; and to the Point B in the Fourth j and if the 
i'econd Caufe, produced its Efied feparately, the Body 
A would come to the Point H, in the firft Part of Time j 
to the Point I in the Second ; to the Point L in the 
Third ; and to the Point C in the Fourth : After this, 
draw the right Lines EM, FN, GO, BD, paralfel to the 
Line AC 5 artd the Lines HP, IC), LR, CD, parallel to 
the Line AB : This being done, the Poiftts S, T, U, D, 
where thefe Lines interfe<fteach other, will determine the 
Line in which the Compound Motion is made. 
^. ADe- 3'. For it is certain, that the firft Caufe is anfwered, by 
mcnfi ration allowuig the Body to moYC to the Lihe EM in the firft 
ofcomi>ound p^j-f of T'ime, and the Second is anfwered, if we allow it 
to be found in the Line HP in the fame time ; where- 
fore both thefe Caufes are anfwered at once, if the Body 
comes to both the Lines £M, HP, at the iame Time ; 

wUcJx 
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yrhich it Cannot do, but at the common Point S^ Agflizt^ 
it is evident, that the iirft Caufe is anfwercd, if we dloW 
the Body to come to the Line FN .in the fecond Part of 
Time ; and the fetond Caufe is anfwered, if it be at* 
k>wed to come to the Line IQ^in the iame Time ; and 
consequently it is certain, that, in order to anfwer both 
thefe Caufe^ together^ it muft be found in thefe two Lines 
M the fame Time j viz, in die Point T where they in^ 
tedeS eadi- other. So alfo we may prove, that the Body 
ought to be found in the Point V, where the Lines, GO^ 
IrR, intec&d each other^ to anfwer the fame twoOau*^ 
£bs ; and at laft in the Point D, where the Lines BD 
and CD jnterfeA one another (i ). 

4. Wheife (2) thefimple Motions are equals as in the 
iirft Figure, thecomipound Motion is in zjir eight Line: 
But ^here the fimple Motions are unequal, as in the Se- 
cond Figure, the Motion will be made (3) m a LiH}^ 
diierently curvei, aocorditig to the different Inequahties 
of theiunpk Motions. 

5. If move dan two Cau&s concur topi'oduce a com*" 
pound Motion^ it may be determined in this manner : 
Firft draw the Line in which the Body ought to be mo<- 
ved, fo as to anfwer two Caolb ; then, taking the Mo«- 
tion in this Line, as if it arofe from one Caufe only, 
diaw the Line which it ought to defcf ibt, fo as to an«> 


H 


4t inv^ai 

Line com' 
pound . 0-, 
tion truf^ ki 


5* Abvty t9^ 

detfr**Jnea 
Motion towl* 
founded of 
more than 
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{!) Such a kind of Motion m tkUj, 
is tnU of an Arrow, in the famoas 
Experiment of a Ship under fnll 
Sail { wheve an Arrow being flwt 
perpendicularly, falU <iown a|^in up- 
on the fame PJace on the Deck, 
tvheace it was fhoc t For the Arrow 
lMit«4ouble Motion impretf ed vpod 
it at the fiune time \ one by the Bow 
or Hand which Aoots it, and the 
other bv the Ship moting along 
aqmrthmg like this w^g ob&rved at 
FlorencOf where t Leaden Ball fliot 
perpendicularly up out of a Muiket 
fixed in a Wooden Carriage made to 
fab^every fwiftly, fell aboat feren 
Foot on this fide the Month of the 
Mmket, which moved Sixty four 
JPAobs. See JEar/«r. Actd, del Ci^ 
minto, p, T45» Perhaps the Muf- 
ket, waa-noc ere£led exadly perpen- 
dhrutar, or was moved foaiewhat 
lifter after the BkU %va8 ftot out, 
than when it was /hot 5 or if neither 
of thefe happened, yet the Refifiance 

\ql* L . 


of the Axtf whick could nOt bi^ 
retard the Motion of the Bally might 
perhaps be the fole Caufe why thb 
B«ll fell fo much on this fide the 
Musket. 

(2} TbeJimpU Motiont aree^ual^ . 
It is to be obfi^rved, that thofe Ample 
Motions which are here 
conxpared with each 0- Fig* 3. 
ther, and are called equal 
or unequal, are not.thofe of dilterenC 
Determinations (fuchas AB, AC,) 
but the Parts of the Motion of on€ 
and the fame Determination (vi»m 
jiE, EF, &e. A«, HI, &c. ) 
' compared together. 

(3) In a Line differently Curved) 
When one or both the fimple Mo* 
tions is altered gradually and every 
Moment ; the Line which is defcri* 
bcd^ may be conceived toj^ie bent in- 
to an infbite Number of fmall Lhiea 
which end in, a Ctirve' Such is the 
Motion of pHJeSied Bodieu See tbd^ 
I^otesonPart 11, cb. %%^ Artie, i6« 
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fmr this Caufe, and a Third, and fo on, if there be a 
fourth or fifth Caufe, producing its particular EflSsd. 
€. That the 6. It is eafy to fee, that the Ball of a Cannon which 
jMffTfM of m feems to be driven by the Fire level with the Horizon, 
^^Cmm^it ^^^^ notwithflanding move in a Curve like that defcribed 
# cmfmU in the fecond. Figure ; for there are two C^nfes which 
iAstiw. concur towards its Motion, the firft of which, viz. that 
which caufes the Ball to move upon the Level, ought 
continually to diminiih, becaufe it communicates, by lit- 
tle and little, its Motion to the Air which it difplaces : 
and the fecond ought to increafe, becaufe we find by Ex- 
perience, that the Fall of a heavy Body is flower at 
the Beginning than afterwards. 

7. Thatthe ?• The Exadnels of the Cannoneer in levelling the 
kwiiifig f^ Cannon to the Mark which he looks at, ooghfi not to 
^JJ^ make us alter our Opinion, and to think immediately 
(hvLithat that the Ball is carried in a flreight Line : For if we ob- 
tht Ball ferve, that the Cannon is not every where of an equal 
xtt. Thicknefs, and that the Line AB by which the Mark 
Fig '4. * is aimed at ; is at firfl above, but goes afterwards below 

the Line of Diie£tion CD ; we Ihall conclude, that if 
the Ball hits the Mark, it has doubtlefs fallen a little, or 
elfe it would have gone a little above it. 

8. What it 8. As there are Compound Motions^ fo alfo are there 
mam by compound Determnationsy and, it may be, when the Mo- 

^t»mina' ^'^'^^ ^^ *^® "^^* fimple that can be : Thus we fay, a 
ttM, Determination is compounded of two others, when a Body 

moving in a fimple Line to a certain Place, is at the fame 
Tafc. II. time carried two different Ways ; as if the Body A be 
**' ^* moved with a fimple Motion from A to B ; becaufe at 
the fame time, it continually approaches the Lines BC, 
V BD, we fay, tliat the Determination^ by which it is car- 
ried from A to B, is compounded of two others, one 
of which would make it go towards D, and the other 
at the fime time carry it from A to C ; and thefe Dif- 
tances are the Meafure of its Pxogrefs towards thefe dif- 
ferent Parts. 

9. That ont g. For the fame Reafon that weconfider any one De- 
ZW^J-l'iM-' /^rw2/«^//V« as compounded of two fimple Determinations^ 
tion may ht we may as wcU confider it as compounded of innumerable 
^ompoundU others. Thus the Determination from A to B may be 
jenn^^ontu confiderqd as compounded of the Determinations from A 

to E, and from A to F ; becaufe when the Body A 
movies from A to Bj it continually approaches BE and BF 

alfo. 
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alfo, from which it was diftant by the Length AE and 
AF(i). 10. But 
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(i) From this Principle, the 
Method of explaioing the Forces of 
the Mtebanick Powtrt ( as they are 
called,) may cKcellently weU be 
deduced. 

For fince a Body with two anited 
F<»Res, always tfeicribss the Diago- 
nal of a ParsUelogram, in the fame 
Time, as it weald do the Sides, if 
the Foroes were (eparate ; it is evi- 
dent, that any Force whatibercr, aa- 
in; in a givea Dirediion imay he look- 
ed upon as the Effed of two other 
Forces aaing in Dheaioos, which 
at the fame Point, fliall on each £de, 
be any way indioed to the given Di- 
re^on, provided they make an An* 
^le left thsn two right ones t And 
this is abundantly confirmed in J^e* 
chanicks $ for bjr fuch a lUiblutioQ 
of a given Force into two others, 
the known Propertfea of the Me* 
chaolck. Powers, fuch as tbt Bal^ 
ianct, tbt inclinai Plain, See, mty 
cafily be deduced. 

Of the BailMtu9 tut Ltavtr, Pn^h 

If two Forces, which adopon the 
Atnt of a Baliaoce in given Direc- 
tions that are in the iamc Plain 
with thoib Arms, ballance one ano- 
ther ; thefe Forces are to each other 
reciprocally, at Perpendiculars let 
Ihll from t|)e Center of the Ballance^ 
to dieir Diradiooa. 

PEM — -{^c« Mwf.Prfur. pagA^t 

Let C be tile Center of the Bal- 
lanc6 C^, CP the Arms, 
Tab. XX. £^,PA theDiredionsof 
Fig. I. theForeesa^Hsg upon the 
Arms C^, CP. Let CE 
be drawn perpendicular to /£, and 
CD to PA, meeting them in Band 
D. On the Center C, and with the 
Radius CE, wk, the longeftof the 
Perpendiculars, let a Grde be de» 
ibibed which ih«ll interfe^ the Di- 
veAion of the Force P in A, and ict 
the Line CA be drawn j to which 
let AG be drawn perpendicuhr^ and 
GP parallel, meeting DPA in F. 

It is evident, thu the Armsoftlie 
Ikillance CP, C|^, may be looked up- 
on as Lines that w.ll not bend, ly- 
ing in the Plain moveable about the 
Center C\ and the fame- may be 
ttndcrftood of any other Llaei drawn 


through the Center C, and Iving in 
the fame Plain. Now fince it is in*- 
niieft, that there it no dlikrence hi 
what Points of the Lines, in which 
the Forces P aod p ad, thofe Forces 
ere placed $ fince wherefoever thev 
are in thofe Lines, they will have 
exadUy the fame Power to tnni the 
Plain CD A^E aboot its Center : the 
Forces P and p may be fuppoled lb 
he inthe Pobits A and £ Then- the 
Force P, fuppofed to be in A, may 
be refolved ( as wss before obferved ) 
into two other Forces: One of which 
may wSl according to tiie Line CA 
produced, and the other, aocording 
to the lane AC \ and which may be 
to each other as FGm GA ; but each 
of thcmfingly to P, as FG and AG 
fingly to AF $ as will be evident^ if 
the Triangle AGF beeomp'eated ia 
the Parallelogram AGFf . It it alfo 
manifeft, that theFoeoe^ wiiichtaaa 
FG, and which a^s according to the 
Line CA pjffing through the Center 
of the Plain j does nothing stall to- 
wards turning that Plane about the 
Center C ; bat the Force which it as 
AG, and which drawa the Line.CA^ 
perpendicularly; iinoe, by the Hypo* 
thefis, it bailances th^ fbrce/i, which 
draws the Line CE, equal 10 CA {iy 
Confim&iom) perpoidiculirly alio it 
muft tteceflarily be equal to it* 
Wherefore / will be to P at AG tO' 
AF 5 or as DC (i^^ rtafon of tbtji^ 
milar 'IrUn^t FGA, ACD) to 
CA or CE ; That is, the ¥wx»p 
and P are to one another reciprocally 
as Perpendiculars let fail from the 
Center to the Lines in which they a£t. 

C K L L, 

If the Arms lie in a ftreightLine 
and the Determinations of the For- 
ces be parallel^ it is evident^ that 
the Forces are reciprocally at the 
Length of the Arms. 

2. Hencealfo, in the Aogukr Bal* 
lance PC^, which turns 
about the immoveable Tab. XX. 
peoterC ; the Situation Fig. %• 
which it will beio, when 
any two given Bodies are fixed to the 
Ends P and ^, may be determined* 
For if the line Pp which joina the 
Etidaof thf Ballance, be divided ia 
reciprocal Propoitioo to tht Weithctp . 
G 3 and 
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10. 'ihat it io« But it is not neoeifiuy to cQH&fer ^ the fimple 
fary\7c9n} t^ft^^nations^ of which One may be compofed : It is fuf- 

i^raiitiiB ficient 

X)etermi/Utv * 

ttomof %oi <k« Point of pitifioo T ht 
wbifb fit made m lite Uvf GT drMin tluouch 
IN0V he com- the Cl«iiter» |Mraiiel to the JXrtS&on 


H^ 


of the Weigktt) Ifayi* it 4obo: 
F^r PD uk^^S being 4nwji parti- 
kl> ao4 DCE perpeniiculiur to CT { 
•k itefidait tMt DCS is divided in 
C, ia Uie iai»e Propottlon that 
flp \% in T, and that the Weights 
wonj ho ftip|k>red to be placod in the 
^etnu D and £• Wherefore this 
iviU be the Situation of the Pointa P 
wcApi thaxis, of the Ballanceit Ut^ 
whfcQrtha Weights are in ^tfuilihri^ 
, 3* Id the Baliance or Leaver, it 
it evident, that two For- 
Tab. X3(> tiet.ruchat P and^ which 
flgk I. wl^en the Baliance libcatet 
to tnd frO| are letJpro* 
nlly as the Vekcitlet of the Pbinta 
B tod. B» rediLoned according to the 
Difeaiont of tkufe Forca, wiMhi^? 
huKft. each other. 

Qfthe hidimd Plain* Prop*.!!. 

. If .a Force> witk a given Direc^ 
|lon,luppor(^ a Weight upon an hi- 
ftlii^ed Phdn $ du^t Fotce it to tho 
We4ht« as the Sine of the Jndina- 
tfpn of the Plain, to the Sine of the 
Aingile which is made by the Line in 
ivhioh the Force a£b, and the Unt 
pirpeiidiailirto the Plain* 

:.!>,£ M. 

LetAB.be the tnclined Plain, P. 
tbe Wdght fupported, 
Tab.^. DPV the Dire^^ion of 
Fig. 3. the Force which fupports 
" . theWcighU Let PC be 
drawn perpend 'cular to AB ; and 
/vomthePoSatC, let CB.be dr»»n 
paiaHel to the Horicon, tfid pey- 


litece of tl^ PIgin it iclf, aaiig 
in the Line €P perptndicihir to 
the Plain : Bat theif three Forces 
are to each otiier {from vi^tat mms 
JkU kef$rt \ as the Sides of the 
Triwgie VPC ^ at wiU be evident^ 
by rinwhig.nUne thr^ogli P pa- 
lallel to yc, afid caopleating (he 
Paraileiogn^m* The Force there- / 
Ibte it to the Weight which it i«tf- 
taitti» at PV tio VC $ that is, as 
the Sine of the Angle VCP, et 
ABC, tojthe Sine of th« Angle CPT 
PC CPD. ki, S, £>0 

C R O L L 
%. If the. Poiitts y tnd Acoindd^ 
that is* if the For<e a^ acpording 
to the Dire&ioaB A,the i^gie CP0 
will be a right Angle ; and therefore 
in that'Orfe, the Force is to the 
Weight, at l^ Sine of the Inclina- 
tion of the PJain, to the Radiut, or 
as the Height of the Plane AG, to 
its Length A8. And in this Cafe, the 
Force vffkkh is rei]uif *4 to fupport t 
given Weight is leaft of all ) becaufe 
the Proportion of the Sine of the 
lacUnation of the Plain, to' the 
JKadios $ is- left than its Propoftion 
to any other Sin^ whatfi^ever. 

2. If tbe Point V fails above A; 
the greater tiie Angje 4^^ ^h ^ 
mocJi'the more Force, is necofl«ry.t» 
fupport the given Weight tipon ^thm 
Plain AB. Infomuch, that by in- 
creafing the Anglft AP V, the Pio-*. 
portion of the Sine of the Angle 
ABC,totheSine;of tboAngle GPD, 
U alfo increjried, 'tUl PV, AV, 
becoming pftraliel^ aiid the^^es 
VCP, CPD for.that Rcafon eq«vil, 
the Force and the Weight will alfo 
become equa^ 

3. Solikewife^ifthePointvVfaliti 


pfeadicvlar to the conunon Se^i on of. bflow A, as -ar Vy the Foijpq reqai*- 
the Pi^infifid the Horison, meeting, fite to fupport the given Weight, is 


the Plain in B ; and.CA perpendl' 
ettlart»4Ai9 UoricoA and alio to CB, 
meeting the Plain' in A, acd t^ 
Lfne in wfiich tbe Force a^s irx V. 
Now P may be cooceivql to be 
held unmoved by throe Forces ading> 
together t c^ne of wh:ch is the For^e 
of the Weight it felf tmding do^n- 
wavda m a Line |»f tllel to VC ; the 
Seeoiid is the Force adHDg.in tjie. 
liite OBV,nlid theThifd iithr Rcr 


ag»inio€reafed>$ the Angle APv being 
.increaied, till Pv, vC bQcomeei|ua!, 
a|id tikes the Force and the Weight, 
will become equal agsin^ Farther, 
vfhen f be Lines P^v, PC coinctde^nd 
theAiiilevPC bv that m«ans vanilh? 
t$f the Sine, of the Aog^e ABC will 
bear a6 infinite Proportion to the 
Sine of that j^ that is, no finite Force 
whttfoever, adiag in a Line per* 
f ftndiL^^r to s|ie Plata, wiU be able 

to 
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ficient to confider tho(e which we Jiave occafioit. ^c^ . ih 
the explaining any Difficulties ; herein imitating Geome- 
ters, 
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to fuppoft tltt Wciiht opon the 
Plain* 

4* If the Line ki whitb the Force 
a€b be parallel to the Bife of the 
Piaift, the Weight ii to the Force 
which fupportt it, «8 RC to CA, er 
as theBafe of the Pkin totheHeight 
of it. 

5. If from the Point P, PF be 
let fail perpendlcahir to 
Tab. XX. BC, and from the Point 
Ffg. 4. C, CG perpendicolar to 
VPj it wiM eafily ap. 
pear, that PV is to VC (that is, the 
Force is to theWeight) as C^o CG. 
Wherefore the Force and the Weight 
will then lupport one f nedier upon 
an indited Plain^ when they are to 
each other reciprocally -as Perpendi. 
Cttlars drawn from the Point C to the 
Lines i;i which they tSt. \ (or, if 
CCF be looked u^ as an angular 
Ballance moveable about the Center 
C] reciprocaJIy. as the Velocities of 
the Points G and F reckoned vpoo 
the Lines io which the Forces aft. 

Of tii Wedgty Prop. 3. 

IF diree Forces ading together up- 
on an Ifofceles Wedge, in Lines per- 
^ndicnlar to the three Plains of 
the Wedge ; two of which Forces, 
t^W. thofe a^ng upon the Side* are 
equal to each other, and the Dire^on 
of the Third whfch ads upon the 
Ibie of the W«dge, pafles Arotogh Its 
Vertex ; if , I fay, thefe three Forces 
iupport each other, the Force aOing , 
opoa the Bafe^ will be to the other 
Two^ as the Bafe of the Wedge, to 
the Sum of Ita Sides. 

Let ABC repreftnt a Wedge { and 
let CO be perpendicular 
Tab. XX. to AS, an^ OD, Gd 
Fig. 5. perpendrcttbr to AC, 
BC ; and thefb Will be 
the IMreftions T>f the three Forces. 
In the Lines OD,- <?/ produced^ let 
D£ and de be taken equal to each 
other, which may therefore repre- 
fent the two equal Forces, which aA 
iipon thft Sides, Iq tfa» Dhedions 


ED, « rf. Let BF, tf be drawn 
parallel to AB, and DF, 1//, paral- 
lel to GC, fo as to form the Trian- 
gles MF, dtf. Now each o# the 
Forces ED, c/, may be imagi- 
ned to be tdblTed into two other 
Forces, which a^e to each other aa 
EF to FD, and tf tofdi And 
to ad te thofe Lines s And thoTe 
two, whidi are as EF, ef, becaufe 
they are equal, and oppofite, will 
deftrcy each other. But the Force 
whioh a As upon the Bale AB, in the 
Line GC $ becanie it fitpports the 
two other Forces FD, fdt both 
which are the fiime way, and ad in 
a contrary Diicdion to that Force 
upon the Bafe % is therefore equal to 
the Sufflr of them* The Force thera* 
fore «€b'ng upon the Bale of the 
Wedge, ia to the Sum of the Forces 
ading opon its Sides as DF ^ df 
to D84-1/ 1 or {hy tb» fimiUp TH^ 
anghi) AG+GB that is AB to 
AC-fCB. 

C R RO L* 

TlieVelecitiet of the Wedge, fttd 
of the Body refifting it, reckoned ia 
the perpendicular Diredioa before 
explained, are to each other recipro- 
oaliy as the Force ading^upon the 
Bale, to the Force a^ng upon the 
Sides of the Wedge, when thefe For- 
ces are in iff «i /rirte. 

For when the Wedge ABC Is dri- 
ven Qp to the Top, or It 
in the Situatiea abt^ it Tab. XX » 
Is evident, that the Parts Fig. 6. 
of the Body that is dea. 
▼ed, have receded from each other, 
the Length jf i or OD, in the Di . 
rcdion of the Line perpendiculat-to 
AC or m ^$ GC therefoyc is the Ve. 
kdtyof the Wedge, and Gd the 
Velocity of the refifUag Body. Bat 
{^ tke fmUr Trnngia) GC it to 
CD, at AC to AG, that is, as AC 
-|-CB to AB. And the Propoition 
will be etidcatlythc lame, whatever 
Sitoailoa the Wedge be in, henreen 
the Parts of the Body to be cleaved 
by it. 
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teis, nHx) did not draw from one Point all the Lines that 

can 

i« ev-dent, thtt two Screwf, the 
MaJe aod the Female may be con • ' 
ceiTcd to be tkui geiMnite4* 


Of the Scrnv. 
A Delbitioii. 


If the Plain of the Triangle ABC 
(whofe Hypothenufe re- 
Tab. XX* prefenti inch an inclined 
Fig. 7. Piain, aa was explained 
above in the 2d Propofi- 
tion) be conceived to be fo fitted to 
the Concave Superficiet of a hoilow 
Cylinder (the Circomfierence of whofe 
Bafe is e^oai to the Line BC) that, 
the Plain A M C coinciding with the 
Super^ies of the Cylinder, the Line 
B C may be bent into the Periphery 
pf a Circle eqoal and parallel to the 
Circumference of the Bafe ; the Line 
B A vviii form a kind of Spiral, af- 
cending apon the CyltndrioU Super- 
ficies, and furroonding it once : So 
iikewife, if feveral Phmes, foch at 
Aac, equal and fimilar to the Ibr- 
foer, and wh&fe right Aoglei are 
fabtended by the Line B A produced, 
bo imagined to be fitted in the fame 
manner, to the fame Superficies, dl- 
ilant from each other, .by the Space 
AC or ae (their common Height) 
there will be many Spirals formed by 
the Lines A a, ftc. ail oontinaed 
from one to another, and each of 
them once furrounding the Cylindri- 
cal Superficies- Further, if oiher 
Plains fimilar and eqoal to A B C be 
conceived in the fiime manner to be 
fitted to the gibbous Superficies of 
soother Cylinder, whofe Baie is e- 
qual to the Bafe of the Concave Su- 
perficies of the former Cylinder $ 
there .will by this means be Spirals 
formed in this gibbons Superficies, 
ezadlly' like thofe in the Concave 
one before. Now if the latter Cy- 
linder, which may be turned about 
its Axis, by mesns of a Leaver paf- 
fing: through the Center of i|ny of 
. its Bales, and lying in the Plain of 
that Bafe, be imagined to be fo pla- 
ced within the former Cylinder, 
which is fixed and immoveable, that 
the Superficies agreeing, the Spirals 
' formed in each Superfic'es^ may a- 
gree with one ancther aifo } and if it 
be io contrived, that they fhall al- 
ways thus agree, when the Internal 
Cylinder is torned about its Axis, and 
its Bafe recedes from or approaches to 
the Bafe of the external Cylinder i it 


PROF. IV, 

In the Screw, as the Altitude of 
one Spiral, is to the Circumference of 
the Circle, whofe Radius is the Lea- 
ver by which the internal Cylinder is 
turned renod $ fo is the Force per* 
pendicularly applied to the End of 
that Leaver, to Use Weight lifted op 
by the Screw, when the Force and 
the Weight are in ^tygthkrip* 

* D B M. 

Let the Axis of the Screw be per- 
pendicular to the Hort- 
soo s and the Pofition of Tab. XX* 
the Leaver, by which Fig* %• 
the internal Cylinder is 
turned about ite Axu, vrill be Heri* 
^ontal. JUet the Weight be placed 
any where in the Line of the Axis ; 
and then that Weight, by means of 
the internal Cylinder, will prefs with 
equal Force (in Diredions perpen. 
d:cular to the Horizon) upon every 
individual Point of the Spirals of the 
external Cylinder j and the Sum of 
th^ Forces with which all thoie 
Pqinu %tt prefled, will be the fame 
as the whole Wdght to be lifted 
up. Bat let us firft confider thp 
Force, or that part of the whole 
Weight, which prefifea upon any one 
particular Point. Now it is taSj to 
fee, that the fame Force, in a hori- 
sontai Diredion, which is able to 
fupport the Weight, which preflea 
upon any one Point of the S^al, 
upon the inclined Plain bf which 
that Spiral is formed ; that fame 
Force with the fame Dire^on, is 
alfo fufiiclent, to fupport that firnie 
Weight upon the Spiral $ ^nd that 
there is plainly no diflerence, whe. 
ther this Force be iipmediately ap. 
plied to the Point which is ptelTcd ; 
or be in any other Line touching the 
Bafe of the internal Cylinder. L%t 
B C therefore be the Circumference 
of that Bafe $ . AC. the Radius ; AO 
4he Leayerby which the internal Cy- 
lender is turned about its Axis ; FG H 
theCirde defcribed by the RadiusAG. 
Thrfe Things being fuppofed ; from 
whif bat been fiud, together with 

Ch» 
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can be drawn from it, but ftich only as they think may 
be of ufe in their Demonftrations. 
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the Definitioo of a Screw, and the 
4th Coroll. of the 24 Piop* it {qI- 
lows ; that, at the Height of one 
Spiral, to the Periphery BC j fo !• 
the Force applied to the Point C» 
in a DirelBoo perpendicular to AC, 
to that part of the whole Weight, 
which that Force fupports upon 
any one point of the Spiral. And 
( iy tbt Pr9perty of tbt Lea^r ) 
aa the Circvmference BC, it to 
the Chcumftrence FH $ ( that it^ 
M AC to A G ; ) £> is the Force 
exercifed in Gto the Force exercifed 
ill C} becaufe the Dire&ions of 
theft Forces being parallel , they 
have equal Power on the Leaver 
ACG, whofc Center it A. There - 
fmt {tfually by Ftrtu^batm ) as 
the Height of one Spiral, to the 
Periphery FH 5 fo is the Force 
which exercifed in G, fupports that 
part of the whole Weight, by which 
any one Point of the Spiral is pref* 
fed J to that part of the Weight it 
felf J And at the Force which fup-* 
poftt that one particolar Part of the 
whole Weight, it to that one parti- 
cular part of the Weight 5 fo is the 
Force which, aaing in the fame 
Direflioa, fappofts all the Parts of 
the Weight, that it, the whole 
Weight ; to all thofe parts together; 
that is, to fupport the whole Weight. 
ThereftMre, fiTc. Q^^E^ p. 

C 0~K L L, 
The Circular Velocity of that 
Foice by which the Screw it turned 
round, and the Velocity of the 
Wc-ght, which is lifted up by meant 
of the Screw, are to each other re* 
^procally as thofe Forces whiw they 
are in aquilibrio. For it is evi- 
dent, that in a whole Revolution 
pf the Leaver, the Weight is raifed 
ju^ the Height of one Spiral, and 
that in eveiy Part of the Revo- 
lution, the Weight it raifed pro- 
portionably. 

Of tbt Pulley or WindUfu Prop. 5. 
It is cyidcnt, that th« PoUey may 


be accounted for, in the fame man- 
ner as the Bailance or Leaver, in 
which the Forces are imployed ei- 
ther on the fame Side of the Cen- 
ter, or on both Sides; Which^ 
when they arc io afuilihrio, are to 
eych other reciprocally as Perpendi- 
culars let fall ^m the Point which 
reprefents the Center of the Leaver, 
to their Direfiions. And hence 
the Forces ot Engines, which con* 
fift of many PuUeyt^ according aa 
they are differently framed, may 
eafUy be explained. If the Com- 
pofition of the Pulleys, or the man- 
ner of iiramiiig the Windleis be foch, 
that the Ropet which are fitted to 
the Pulleys, are parallel to one a- 
no<her \ and the Weight be fo fuf- 
pended in the midft of the Ropes, 
as to draw every one of them with 
equal Force ; it is felf evident, that 
the Force, it to the Weight which 
it fupports; as One, to the Number 
of Ropet. For when that Force it 
applied to one of the Ropet only, it 
ii dir^dly oppofed to that ptrt on- 
ly of the whole Weighty which 
draws that Rope ; the Pin to which 
the Windleft it fixed, fupportiDg 
the other ■ Parts of the wliole 
Weight. 

It it alfo evident, that in this 
Engine, the Force and the Weight, 
when they are in^juilibriot.ue to 
each other reciprocally, at their Ve- 
locities, when the Force raifes the 
Weight. For it i? maaife'ft, that 
thefe Vclccitiet are to each othcri 
at the Decreafe of the Length of all 
the Ropet which fupport the Weight 
taken together, to the Increafe of 
the Length of the Rope to which 
the Force is applied, in the fame 
time ; and that juft fo much as is 
loft in a given time, in all the 
Length*8 of the Ropes which fup- 
port the Weight ; the very fame is 
gained, in the fame t'^me, in the 
on* Length of that Rope to which 
the Force it applied. 


CHAP. 
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CHAP. XV. 

Of Reflexion and RtfraSm. 

i.jrutit *t^HAT We may appl^ what has been faid to (bmi^! 
wiunt ky A Advantage, we Ihall^ by the help of it, explain the 
s^^/rac' Manner of Reflexion and Refraam, But to avoid t!«*' 
fjM. Error of the Ahtients, who confounded thefetWo Thingi! 

together, we may obfervef that by £^^jri«;rismeantho* 
thing elfe but the Bedding, or Alteration of thfe Dtt^'\ 
Hifnatim^ when a Body in Motion, ftrikes againft ano^ '■ 
ther Body which it cannot penetrate ; and by Refra€it9k 
j& ifecant the Bending of AherJition of thft Dit^hnt^attok'^ 
when a Body in Motion, paite^ out of one McJiUpi into 
tfriother, which receives* it with more ot le6 Difficulty, 
s. ufjiJSf- ; 2. Strpctofe, fot Example, i^h^ the Bbay A, whicE 
jfanct o/Rf ^ perfectly hard, moves with a fimple Albtion, in the 
'TA^ih ^^ A«; and that it n*ct» With the Body CDEF, 
rig.* 6. which I fuppofe to be perfeftly l^tod Hfev^ift, ah4 ftW p 
be fliaken : Then, from what has been iaid, it fbtlcyws^ 
that the Body A (i) ought to cootili!me hi l/bm^tii^ bei 
izafe it does not conimunicate any part 6f its' Motion ^ 
Mmi k Ought to be ftruck back, becaufe it cannot go on 
ih a ftfcighf Line : But let us fee hbw, and which wty : 
And that ^ may not multiply Difficvlties, we do not 
now ionfifer, what wilt arife fiomits Bighefs, Figure Or 
Gfavity : Lei us fu^poft ftkewife, thit the Air mak^ lib 
Sjefiftance to it, and that it moves with equal Velocity. 
That the 3. Thi* bting fiippofed, let a Circle be de&ribed on the 
JffgkefRf Center B, and with the Diftance BA ; and for the fam^ 
Jlixion i» *- Reafon that the Body A comes from the Circumference 
Vingu\f ^^ ^^ Center in a given Time, it ought to go from the 
fncidincM. fejuc Center to fonie Point of the Circumference of this 
Circle in the fame Time : Now to determine that particu- 
tar Point ; froih the Points A and B, let the Lines AG, 
BH be drawn perpendicular to the Superficies CF 5 and 
the Line AHI, parallel to that Superficies : Now we may 
obferve, that though the Body A is carried with a fimple 
Motion, it is however true, that with rcfpeft to the Bo- 
dy CDEF, its Determination in the Line AB^ is com- 
pounded of two others, the one of which makes it go 
towards the right Hand, by the Length of the Line AH, 

(1) Qaiht to eontinu$ in Motion) Set tbove^ Chap- Xt Art. 13. 

or 
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or which is equal to it, GB; and the other mate it c6ite 
down^A^rds towards GB, by the Length of the Line AG. 
Now we may fUrther obfervc, (i) that the Body CDEF Ta1». n. 
jsefifb the Determination downwaixb, hut that it does not ^'*- 
at all refift the Determination towards the right Hand^ 
that ifl^ that part of the Motion which Is deterotined td- 
tvaids the right Hand, which confequently (2) ought to 
pontinue as it b^^. So that tlie Body A having in a 
yen Time with this Determination^ pafled through t 
^pace ccn)Eamed between the Lines AG, HB, that is, mo* 
ved the Length of the Line AH or GB, it ought iti the 
lamfe. time to pa& through an eqpal Quantity 2^% or 
which amounts to the iame Thing, it ought at the EM 
^f this Time, to be fouiid in the Line IL, which I fttp- 
90k to be pecpendkubr to the SoperficiBs CF, and tdbe 
fymc D^ance ftom HB, asHB is from AG. So tfaac^ 
ta iatirfy that part of the Motion which is towan& tte 
Rights which does not alter at all, we find that the Bodly 
A in the given Time, ought to be foinewhere in tiie 
JLine IL. But to iktisfy the whole Motion, we have 
befoce fhown, that it on^t in the fame Moment to bb 
£>mewhsie in the Circumference of the Circfe : Th^K^ 
(fo^ that thefe two may be both fatisfied tngetker, we 
isught to conclude, that it will at tibe feme Tinse, be in 
the Gtrcumferenee of die Circle^ and in the Liiie IL to- 
gether, whiph can be no where elfe but iiL the Point I 
which is common to th$»r both. Tfau&we fee the Body A 
which, began to move in the Line AB,. is vdLe&ed in the 
Line^BI^ which makes with the Superficies CF the Angle 


( 1)7^19^ ib€ Bodf CDBF rifi/i tit 
Vitermination) If the incident Body, 
A> and the Body CDEF upon wh?ch 
it Unices, arc void of all EUMdtff 
ithe Body CDSF net only refifb this 
perpendicular Determination, but en- 
tireiy deflroyt ail the Motion that 
•fxict from that DttermiMtloii (See 
tii ^otti «a Cbaf* %. Art* \y) fo 
that the Body A, is afterwards mo- 
' yed, with the other part of its Mo* 
tKWonly, along the Saper6det BLF. 
But if either, or both thefa Bodies 
be perfeaiy etaftick, then a new 
Motion will be imprefled upon the 
pody A, efoal to the Motion which 
«^t ioft, and with a mif/tfry De-* 
termination ; fo that, when it comes 
to theSopetficiet GL, with the De* 
ttrminatioa AC, it «nll then recede 
from It with the petetwiiatiwt J^I« 


TlUa it caiefuUy to i>e ohferredj be- 
caofe it is neceflary to the com* 
pleating dils Demonftratlon, by 
which it apptars) that the AnglatoiF 
Incidence and R^efleyioh are equfti* 
For the Nature of this Shfiick Font 
being rightly nnderftood, the De. 
n^oaftration concerning tlie reAeA- 
ing of ElaAtck Bodies, will hold in 
the fame manner as in perfeAly 
hard Bodies, according to the An* 
thor*t Prindpies- See further, tht 
Nottt Off Cb^. si. Art. 6. Tab. Il« 
Fig. 6. 

(a) Oug^ to eontimu as it btgan) 
Henf e it follows, that the Lines or 
Incidence and Repercoffion are in a 
Plane perpendicular to the Superfi* 
des of the icfle£Ung Bo^. See tht 
NtUi 9M Cb»p. xxsi?. Att, 2. 
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IBL, whkh h called the Angle of R^Slim^ (i) which 
may eaiUy be demonftrated to be equal to the Angle ABO, 
which is called thR Angle of Incidence^ 
4. jinE*. 4. Let us now come to RefraSfion ; and that we may 
ampu ofent explain the Nature of it fully, I (hall here make ufe of 
^%r!C. '' ^ Example of a Ball, as was before done in Reflexion. 
Tab. III. Suppofe then the Ball A to be moved along the Line AB 
Kg' !• in the Air, but ftriking obliquely upon the Watet below 
CD, inftead of going on direiflly towards £, it tends to- 
wards F ; this fort of bending, (2) meafured hf the An- 
gle EBF is what we call RefraSlion, 
^.Another 5- If the Body A, after it is arrived at B in the Line 
Serf/ Re. ^B, inftcad of being turned towards F, is turned to- 
"Tab!' Uf. ^^^"^ ^ > ^^^ ^ RifraSiion alfo, but of a different Sort 
lig. I, * from the other : Now in order to diftingtufh theft two 
Sorts o£ RefiraHion^ let the Line HB,: be drawn throi^h 
the Point B, where the Body A pafies out of one Me- 
dium into the other, perpendicular to the Superficies CD, 
which divides the two Mediums, and'the Kind of Refra^ 
£Hon is determined, by the Approach to^ or Recefs from 
this Perpendicular. For Example, if the Body which 
moves ak)ng the Line AB, when it is turned out of the 
way> afterwards moves along the Line BF, this is called 
Rrfra^im from the PerpenMcuIar ^ but if it afterwards 
moves along the Line BG, then it is called Refraction to 
the Perpendicular. 
6. m>tn a 6. Thcfe two Sorts of RefraQion ; have been obferved a 
Body it long time, but the Caufe of them was not at all known. 
7ucturU^^ ^^"^ we may venture to fay, that this is one of thofe 
we mfi* Things which the Antients were ignorant of, and the 
tbink^that Difcovcry of which is owing to one of the principal Men 
w/rT/5w ^^ ^^^ '^S^ > ^^^ agreieable to his Opinion, I thus explain 
Ohftacie en this Matter: Since we are fure, that every Thing, as 
that ftart much as It can, perfifts in that State in which it is j after 
'/f'<ww!'^ ' ^^ ^"^ ^y Experience, that a Body quits the ftreight 
-Line in which it began to move, we mufl neceffarily 
think, that it has met with feme Obftacle on that part - 
Tab. n. from which it removes: Thus, if, when the Body A is 
l^»g- *• come to the Point B, it is turned out of its Coune to- 
wards the Point F, we ought to conclude, that it meets 

(l) Jfl>icb may eajily be demon ^ gles, by the Hyp Thewfow the 

ftrated) For BL = G^ Triangles I LB, AG B arc eqail 

Tab« If. ky the Nypothefis ; and and fimiW. 

Fig. 6. L I =3 G A, becaufe G L . 2 ) Meafured by the Angle £8F) 

■ and A I 9re ptraJUel, and &te tbe JSotet upon Art* li* of tbh 

the Angles L and G are right Aa. Qh^p, ., 

with 
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'With more Refiftance on the Side M, than on the Side 
N ; and if it is turned toward G, we have Reafon to 
think, o» the contrary, that it has met with more Re- 
fiftance on the Side N, than on the Side M. 

7. We may reafon in the feme manner, in order to jj^'?'^^ 
determme on which Side, a Body moving out of one f/^^^^,^7 
Medium into another, will be turned. For fince we be-yVwi tb» 
fore knew, that the unequal Reiiftance, which a Body ^''f* . 
in Motion meets with on difFerent Sides, ( according to^^'^^^^" 
the difierent Mediums through which it pafles) would iZe/^a«c«/# 
force the Body to turn out of its Courfe, and to remove ''• 

from that Side where it finds the moft Refiflance ; when 
onoe we come to know, that there \& more Reiiftance on 
the one fide than the other ; we conclude, that it will 
turn out of the way, by removing from the Medium 
where the Refiflahce is greateft. And thus when we once 
come to know that Water refifb the Motion of a Ball 
more than Air, we ought to think, that the Ball which 
moves in the Air from A to B, in paffing into the Wa- 
ter which is below B, will 'turn towards F, and fo will 
vecei&fi'om the Perpendicular. 

8. This may be applied (i) toall forts of Bodies, and to g. 7leJ§^i^ 
all forts of Mediums^ and therefore we may lay it down ^t^dntr^ 
Sot 2L general Maxim, that when a Body pafles obliquely JjJJ/'j^/^^ 
out of onR Medium into another, which makes a greater fort ofRt. 
Refiftance to it ; it ought fo to turn as to remove fromf^^^'^"^ 

... the Perpendicular \ and, on the contrary, when it pafles 
out of one Medium into another, where it finds Ufs Re- 
fiftance ; it ought to be fb turned, as to approach towards 
the Perpendicular^ 

9. I exprefsly added, that the Body which pafles out 9* That s 
of one Medium into another, muft fall obliquely upon the f *^ '*'*'^* 
Superficies which feparates the two Mediums, in order to dicular/y!ll 
be refracted ; for if it falls perpendicularly upon this Su- ^* another, 
perficies; as there is nothing to refift its Motion more ^^Z^rlfrlad 
the one fide than on the other, fo it ought not to be turn- «/ //ii„ ««. 
cd out of its courfe at all, (2) but to continueto move in '"'•-ff '"'c ff* 
the fame Line. 

10. The 


(ij TtaUSorttofJSodies) For this 
Reafon the Rays of Light which pa's 
but of Air into Water^ are refleded 
eoFiffards tb* perpendicular, contrary 
to what we fee in a Ball thrown out 
of our Hand $ becaufe Water which 
reiifts the Motion of the Ball more 
than Air, on the contrary, refills 
Lilbt \jiiu (St$ Qbapt 27, Art, l%.) 


or to fpeak more truly, it accele- 
rates the Motion of Light more by 
attracting it j as will be ihown after- 
wards. 

(s) But to continue t» move in the 
fame Line) Vet fomc have thought, 
kij.yojftus, WilUbrordSnell, that 
the^ have feeo aperpend!cu)ar Ray of 
i>ight^ Ibme way refra^ing and con> 

traOcd 
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10. M Ex. ^o. The ExaiA Quantity of the ^i^shs£&aa of a Body 
^M^timofl pa^g obiiquify o\kt of one AMimn JAto aaothear, maiy 
ttfraaed b? determine, provided we Imow bow mud> (he one Me- 
T^'i t ^^"^ refiib it» paffil^g mors than the othcar. Suppose, for 
Wi^'t! l^xftsiQjce). the Line CD feparauties the two Medimne, the 
upper onf of which is Air, and the vrndec one Water, suxt 
tb^ th^ W^ter jcefifl^ the Motioii of the Ball A twice a& 
xsmf^ a» the Air ^ then kt u$ ims^e, that this Ball has 
run th^ hwg^h o( the Line A6 with fuch a Velocity, as 
t|^]^ lip z- Minute, and. is th^ reader to enter the w ater 
ohlicjtMi^ly : smd that tbeThing mxf he tlieeafier appiehend*' 
oiy we mf)dd]e not witb wl»t might ha{^[)en on the ac-* 
qQim% ^: the Bigf^s or Weight of the Ball. Let m imst^ 
gine fiirtJiftr, that its Motion in the Air has been all along 
uniforni, and that after having loft half itsi Velocity by 
ipo^ting with the Superficies of theWater,.it loies no more, 
though it ftnks neyer fo deep ; for the Deviation (i) is 
niade o«ily in the Superficies, and<th^ Water which r^tfts 
all its Paitt equally, , can only make the Ball tal^ i^ mom 
or t^fsTime.io moving thiough agiv^ Linie, and not" 
caufe it to move out of it. 
iv^owRf ij, Xhis being fuppofed ; having defcribed a Circle on 
{i^;'^ " the Center B, and the Diftance AB, , let usconfider, thai- 
Tab.' Ill' the Ball having taken up a Minute of Time in moving 
T^^.^• fifom th^ Circumference of the Circle to the Center, 
wb^e it loie$ half its Velocity, ought afterwards to taloe 
^p two Minutes, in moving from the Center to any Point 
in the Circumference : Now in order to determine where- 
thi^ Point ought to be, , w^ ojblerve i that thewgh the Mo- 
tion of this Ball was fuppofed to be a fimple Moti^), yet 
its Determination in the Line AB, with refpe£t to the Su^ 
perficies of the Water, is really compofedc^ two Deter^ 
lunations,, one of which caufes it to move from the Left 
to the Right, the Length contained between the Lines 
AF and BG, which are perpendicular to the Superficies 
of thQ Wi^r, that is, the Length of the Line AG or FB 5 
thp other Determination: makes it defceod. downwards the 
Length contained between the two Parallds AG, CD, 
that is, the Length of the Line AF. We muft further 

traded into it £tlfi which is, becaufe n^reft to utt But for the real and 

when we Jock upon any Thing in manifeft RpfrafUoa of perp^fcaliQ; 

the Water y it feems to be nearer us Kay 9, which UtOAit la iJlanJChy/" 

than it really is f fo that herein they^ tai. See Nrwt, Opt. par- 129. 
faifeiy afcrtbed that to Ktfxz&xpn {1) Is made o»fy intbeSufe^iiet) 

(of which there is none in the per. It is otherwife in the Rtfledioa andf 

pendicular)' which was to be afcri- Refradtion of Light, See hcha , 

bed to the liiyerging of oblique Rays Cbap^ XX?U« iirt* 35, 37. 


after Refra^lon^ from th« Fqint 


obfcrvc. 
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ob^rvp, that the Superficieis of the Water refifts thp Dc- 

terxninatjion downwards, iyhic4i coniequently muft be al- 

t:^red ; ( i ) but it makes np Refiftance at; all tp the Det^- 

xxiination from Left to Right, wherefore this will n<>% be ' 

a.t si\ altef-ed, l^ut the Ball which moyed in thf s inai|Laer 

t:i>ig Lengt;h FB 4vM^il^ the Minute which it took up ia 

going f|oiQ the Cii^umference of the Circle to tlie Cen- 

^9h ^%^ tpnioye twif:e.t^is. Length in two Minutes^ 

in gQii)g,, frprti the Center to the Circumference : Let 

SL th^^ipre be taken equal to twice BF, andtheLine^ 

i^LM. drawn i^rp^jjicular to CI>, ai^d the Ball ought 

to be found fqmeyi^here in this Lii^ twQ Minutes after 

it I^s parted from B; but it was before iaid, that it ought 

at tb^ iaqie tin:ie to be in the Circumference of the Cir^ 

cle alfo ; ii^hence we conclude, that the Ball will be at the 

fa^iii^time in this Line, and alfo in the Circumference of 

tb^ Cirple; tl^t i§, in the Point M, where they interfeft 

cjM:h othpr. So ttat inftead of continuing its Courfe in 

the LineAJB produced tpN, it will be carried along the 

Lin^BM, lyhich is Jrem the Perpendicular {2) and the 

Refraftion, \f Ul he. ^eafur^ by th^ Ai^le MBN . From 

what has been iaid, it is plain, that if the lower Medium 

had rdifled the BaU /^ than theu|q^rQoe, the Refraction 

ought to have been contrary, that Is, to the Perpendt^ 

cular. 

12. Without altering any Thing before fuppofed as to n. rusf^ 
the DifFereij^e pf thc.Refiftance of the twa Medium^ ^^""^'^^ 
and the Velocity of the Ball, let us now fuppofe, that ^JJ^//, 
t^ jfeU, ii^ order to 'go to the Point B, comes from an<v very Mfm* 
t\&v Poigit more diftant from the Point P than was fup-J!!*^' ''^* 
pofed in the former Example, fo that the Line FB which '^\^* 
is th^ Meafure of the Determination towards the right 
ilifndhe longer than half the Radius of the Circle, and con- 
fequently the Line BL, which is twice as long, be longer 
than the whole Radius ; it ought to follow, according to 
the foregoing Reafoning,that the Line ELM will fall with- 
out the Circle, and not interfeA it at all ; And fo our 

({) But it makes no Refifiance) mathematically the Nature of Re- 

Bot it does reiiil that Determinatioa fradion. 

aUb, at it enters } ft^ the Ball in e&- {'^)Attdtbt RefraBionwWhmea* 

trfing, ftrikes or rubs againft the far- fured) It H a right Obfer- 

ther part of ths Hole which it enters vatlon of Cartes h'tc, that X^^* '^I* 

into: for which reaion, and becaufe RefraAion uniiferfaify and Fig- 2. 

th« Mot'oa of the Bali is aAerwards in ali Ineidenciet is to be 
p^etoally retarded as it pafles ^ meafurcd by the Proportion of the \ 

through the Water which reiihs ft^ Lines AG and OM, and not by th« 

this InibAce is not fuificientlyaecom. Angles ABG> and HBM, or NBM. 

nodated to ezplaim accuraCfly and Sh CartuU Die^tr, Chop* %,jirt. 7. 

Argument 
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Argument feems to conclude, that the Ball ought to be 
in two different Places at the fame time, viz. in this Line, 
* ' and in the Circumference of the Circle : which is im- 
poffible. 

JildP'"bcb ^3* '^ ^^^ ^ confefTed, that here is fome Miftake, 
fMM^^. whencefocver it arifes ; for every Argument that leads to 
Upte nfon an Impoffibility, is defeftive either as to the Form or as 
'Th^ to ^^ ^^ Matter of it. But let us not imagine that there k 
ffnJratt it a^jr Fault in the Form of this Argument which feems t& 
0t all, conclude in an ImpofHbUity ; let us rather fay, that it be- 
ing conclufive, it is a certain Sign, that the Fault was in 
fbme of the Suppofitions that were made. And fo indeed 
it was, for we fuppofed that the E^l, when it had lofl 
half of its Motion by meeting the Superficies of the Wa- 
ter, would enter into it, though it fell never lb oblique, 
which is not fo. For we fee by Experience in a Sea- 
Fight, that Cannon>Balls which are fhot too oblique upon 
the Water, are reflefted by the Superficies of the Sea, anc} 
kill the Soldiers upon the Decks of the oppc^te Ships. 
And we obferve the fame Thing in Stones which Chil* 
dren make Ducks and Drajces with in the Water. 

CHAP. XVI. 

. Of bard Bodies put into Ltquors. 

t; 7bat the A I* L that can be faid of the Place which a Body ought 
Pofition of xl. to pofTefs in any Liquor according as it is mor e o r -- 
^t into Li' '^^ heavy, does properly belong to the Doftrine of Mo- 
fticrt <i an tioH. For thcfe Bodics are in Motion when they fink in 
j^^fl of tf^g Liquor, and they are in Motion alfo when they rife 

from the Bottom, to the Superficies. 
X That the 2. That we may not pafs by any Thing therefore which 
tfTb!l^ may be of ufe afterwards, let ABCD be a Tub filled with 
Lifuar^c^n- Water, and fuppofe firfl, that this Water is upon the Le- 
tatned in a vel, that is, nO One Part of the Surface AD higher than 
*^^f*/ *!f ^ another ; then imagining it to be divided into a great ma- 
Tab. III. ^y Columns, perpendicular to the Bottom of the Tub, 
Pig. 4. let us examine one of thefe Columns, as EFGH. ^nd 
firfl it is obfervable, that though this whole Column en- 
deavours to fink down, yet it cannot, becaufe the fmal-' . 
ler Columns, into which this may be fubdividcd, muft 
bend at the Bottom of the Veffel before they can return 

up- 
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upwards ; but that they cannot do, becaufe they meet and, - 
fupport each other, and are alfo fupported by the little 
Columns on all Sides of them, which tend downwards 
likewife, and with equal Force. So that the Water in 
the Tub ought to continue (i) upon the Level, and to 
remain in perfed Reft and mquilibrioj if there be ho- 
. thing elfe but its own Weight to move or ihafee it. 
Whence it is manifeft, that if we fuppofe the Water in 
the Tub to be higher in one Place &an in another, that 
it cannot continue fo, becauie thofe little Columns of 
Water which are longer than the other, will have more 
Power to delcend than they, and will never leave crbud^ 
ing them up, till the'Surface of the Liquor is come to 
a Level, when they will all be in aquilihrio with each 
other. Therefore when a heavy Liquor is contained in 
any Veffel, we are to think that its Weight difpofes the 
Surface'Of it to be upon the Level, and that it will con- 
tinue {o^ unle(s altenxl by fome foreign Caufe. 

3. Let us confider further, that if there be put into the %* ihai « 
Water in this Tub any hard Bddv, fuch as I, of equal ^^jf^^^f 

^ Gravity with the Water ; as its Weight would have nei- LtqUofe* 
ther more nor lels Effeft than the Water whofe Place it f ««/ Gra^ 
poffeffes ; there is no Reafon why any Alteration fhould tl\i75ti 
be made m the Column EFGH, lo that the Body l^arf/itn 
muft contiriue where it was placed. 

4. But if we ims^ine this Body to be heavier, by an 4-%^i;* 
Ounce, fuppofe, than a Quantity of Water of equal Bulk j ^^^f^"'^ 
it is manifeft then, that all the Columns of Water will wbict u 
not be in afuilihrUy but the Body will go to the Bottom, ^/^'"^ 
not with its ordinary Weight, but only with the DifFe- [%lt^f/j^ 
rcnce betwixt that and the Weight of a Quantity of tttbeStt* 
Water of equal Bulk, that is, with the Force of an '^'"• 
Ounce Weight. 

5. But fince Water was here taken only for an Exam- ^'J^ ?• 
pie, and the Reafoning holds the fame, when applied to %'l'*r!at" 
any other heavy Liquor ; we may affirm in general, that rveigbtof 
in fupporting a heavy Body, we ought only to feel the*v^'^4f 
Exccfs of its Weight above that of an equal Bulk of the ^"'^ '"''*'" 
Liquor in which it is. Hence it is, that we are not fur- 

prifed to find by Experience, that a pretty lufty young 
Man, who weighs a Hundred and thirty eight Pound in 
the Au*, does not weigh above eight Ounces in the Wa- 
ter, ^ut we have before fhown, by many Experiments, 

(r) Upon tbi Ltvits Thatif> u of the Spbserlcal Soperfidet of eht 
to Senfe. But in lalitj it to ptrt Sarth. 
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that the Air it felf is heavy, wherefore we do not by our 
* Senfes feel the true Weight of a Body in the Air, but 

only the Difference of the Weight of the Body and of 

the Air ; and confequently, unlefs we are under any par- 
, ticular Indifpofition, we ought never to feel our felves 

lighter, but only when the Air is heavier. 
6. Thst M 6. It is evident, t;hat if the Body I, juft now men- 
MoJjf which tioned, had been fuppofed lighter than the Bulk of Wa- 
'ti!!l^tb!^Li- ^^^^ whofe Place it^offeffes ; the Column EFGH would 
y«or, ought not be heavy enough to be in aquilibrio with the reft of* 
to rife up, the Water in the Tub ; wherefore this Column will be 
IH^tb^o forced to give way, till the Body I be got up to the Sur- 
Forct, face AD, beneath which, To much of it will remain, 
Ttb. HI. . as poffefles the Plabe of a Quantity of Water equal in 
Kg. 4- Weight to the Body. 

Hvw to 7' From what has been faid, we draw two very im- 
fmdvthothtr portant and ufeful^ Inferences. . Firft, That if a Body 
a bard Body put into any Li^or, finks to the Bottom^ it is certain that 
^'^f/tban* ^^^y ^^ heavier <i than an equal Bulk of the Liquor^, but if 
mu equal it fwims on the Topy it is an infallible Signy that it is 

Bulk of ary lighter. 

' j'^rr* ^' Secondly, If a hard Body be put info two Liquors j ♦ 

tlfind andrifes in the one^ but finks in the other^ the former mufl 
mhkbii the necejfarily be heavier than the latter (l). 
bea^itfi of . ^ This 

twoLijuors. ^ 

(t) Ttu worth while to explain a Becaufe then tlleColutnt £FQH h 

little more fully, tnd in better Or- heavier than Che .Colunuis whieh 

der, the Hydroftatick Propofitions, furround it. See Art, 4. of tbii 

. which are urged to;> briefly and con- Chapter. - ' 

Aifrdy in th>s Chapter* 4< A fiody, fucb a* l> heavier 

!• Tbeccfore Ail fVater gravis than IVater, ought to have jufi f^ 

tates in every Place, iven in Water mufb fFeight in Water, at it exceeat 

it felf ( and the fame is to be under- in Weight an equal Bulk of Water. 

ftuud of any other LfqoorJ 'and by For lince the Body I poffeflet the 

reafon of the equal Freffure of itt Place of an equal Bullc of Water in 

tarti on all Sidet, itt Superficiet the Column EFGH ; it is manifeft« 

ought to be plain and level. . This is that by how much that Body exceeds 

demon ftrated in tbtfecond Article of that equal Bulk of Water in Weight, 

thie Chapter , and by the famous by juft fo mucH is that Column hea- 

Mr. Boy U in hit hydfoflatickt. Fa- vier than it was before* See Art, 4. 

redox J. - *f *hit Chapter y and Archimedes of 

2. A hard Body ^ fucb as ]^ equal Bodies put into Fluids, Prop, 7, 

in Weight to a faulty Hence» tince the Proportion of 

Tab. HI. of Water of the fame Weight betwixt Gold and Water is 

Fig 4. Bulk, put into Water , known. Gold may be proved and 

ought neither to Jink nor valued, by weighing St in Water* See 

rife, but to reft in any Place. For Boyle* e Hydroftatick Medicine* 

tht Column' EFGH gravitatrs nei- 5* Any Body fuch at I, put into 

ther more nor lefs than the Coliimos Water, it not only prejffled downward* 

which furround ic, and therefore it by the incumbent Water, but is alio 

ought to keep in eequihbrii. See preflled upwards by the Water that Is 

Art. 3- of tbii Chapter, under it* This is evident /r«m tho 

3. A Body, fuch atl^heavier than firft Propofition, See alio Boyle's Hy^ 
. Water, ought to fink in tht Hf^0(tr% dr^atich, P0r§di9i{ 3* ^* iht 
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9. This being fo, if we examine'the Opinion of fome ^'^^pl^ 
PhUofophers, viz, that there are certain Places natural to '/offers. 
all Bodies where they of themfelves continue at reft, and 
have no Tendency to go out of them, and that this is the 


6' ttt bedHfitft Body of all, fud> 
Mi I, a Cube of Gold, if it be put 
f9 detp into tbt Water, that the 
Dtptb of tbi Water from EH to the 
lower fart of that Cube b§ twenty 
times a$ much as the Tbickriefs of I 
is, tbat Cube will bs fo prtfftd up* 
n/tardi by tbe Water tbat is under 
it, that, if tbe incumbent Water 
£IH were removed, it would not Jink* 
. For fioce the Cube I is juft of the iame 
Weight «is the Water which reaches 
from EH to the Bottom of the Cube ; 
•11 which yftttt we now fuppofe 
to be removed.; it is evideot, that 
the Column FIG in this Cafe, is 
in itfuilibrio with thi Columns which 
furround it, and therefore the Cube 
I cannot fink. See Hjdrofiatick Pa^ 
rod, II. 

7. A Body t fuck as I, lighter tban 
Water, lee it be preffed never fo 
mttcb by tbe ineumbeflt Water, ought 
to rife notwitbfianding* For in this 
Cafe^ the Column EFGH is lighter 
than the Colomni of Water which 
(unround it* See Jirt, 6. of this 
Cbap, 

S. When a light Bodi is rifen to the 
Top of tbe Water, fo much of it ought 
to remain under .the Water, as is 


10. A}1 Water preffes upon the BO' ' 
diet under it, in proportion to its per" 
pendicular Height, and not in pro* 
portion to its Breadth. Tlvs nbbl^ 
Propofition is at large demon ftra ted 
in ^y ifotes upon Chap, 10. \drt\ i-i. 

IX. This Prefftire.a&s upon Bpdiee 
immerfed. iA the Water ^ not only pti 
the 7vp, but oH the Bottom and thi 
Sides,every way equally. This F?to~ 
pofition follows from the foregoing 
pne, and is demonftrated fxom. the 
Nature of' Water, whereby erdry 
Preiftiie is piopaf^ted equally Vnd 
entile every way. ^ See aitp Boyle's 
Hydroft, Paradox ji 

11. Hence, a wooden Trencher pui 
under Water, immediately rifts up | 
though there be a mueb greater Sljian». 
tity of Water lying above it; ^tkati 
is under if, neither is there any fucb 
Thing in Nature as Levity, to lift 
it up. This Propofition you have 
demonftrated in my J^otes on Chap, x« 

, Art,. 1,1, Coroll, 3. 

I3. However, Jf the woodeii 
Trencher be exdaly fitted to i,bf Width 
of tbe V^el, fo that npW'attr fan 
get in between it and the Sides of thi 

: Veffel, which by communicating itt 
Weight to tbe Water beneath, might 


equal to a Bulk of Water weighing . force the Trencher up ; or if the 
as much as tbe whole Body, This is . Trencher goesfo clofe to the Bottom of 


the Fifth Propofition of Archimedes 
concerning Bodies put into 
Tab* HI. Fluidi, and is eafiiy de- 
Fig* 4* monfirated from what has 
been already fiiid* For it 
Is nun'feft, that when the lower 
Part of the Body fwimming in the 
Water, is funk in this Proportion, 
the whole Column EFGH is in ee- 
quilibrio with the Columns Untfur* 
round it} and if. the fame. Body be 
funk deeper, this Column will be 
lighter than (he reft of the Columns } 
if not fo deep, it will be heavier* 

9. In every Body that is lighter 
than Water, the Proportion of its. 
WAgbt to' the Weight of Water, 
is as tbat part of it under tbe Wa- 
ter to tbe whole Body, This Propofi" 
tion follows from the preceeding one* 
and is more at large demonftrated by 
Archimedes y£ookii^ Prop* of BoMit 
put into Fluidu 


the Vejel, that no Water can get in 
betwixt it and tbe Bottom^ then tbi 
Trencher will not rife at all. Which 
is a manifeft Proo^ that there is no 
foch Thing as Levity in Nature. Sett 
the fame Place, 

It is very hard td prove this Pro* 
pofition by Bxperiments, becaofe 
Water is fo apt to wet and run all 
about. But I have tried it with 
QmckfiWer, which wiU not wet moft 
Bodies ; for after I had gently put 
a. Piece of Money on the Bottom of 
a Vefifel full of Qdicfcfilver, the Mo- 
ney did not rife up ; but if I ihaked 
the Veffel, or lifted up the Money 
ever fo little with a Needle, that Ibme 
of the QoickfUver might get be- 
twixt the Money and the Bottom 
of the Veifel, the Money was im« 
mediately raiiiBd op. 
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Reifbn whyWater has noWcight in Water; we fitallnot 
icruple to affirm, that this is as grofs an Error, as it 
would be in a Man, vihOy feeing a lar^ Cannon in ox 
Scale, and Tcven or «!g^t tboufand Pound Weight in die 
other, fliould affirm^ that the Cannon did not weigh aaj 
Thing in thb Place, bccaufc be can eaTily lift it up or 
down : For this Opinion of tbcfc Philofopbers is founded 
upon this Experiment, that in drawins Water out of'a 
Wdl, we do not b^n to fed tbeWe^ht of that with 
which the Bucket is filled, till it comes into the Air ; 
whereas fliey ought to think, that as the Cannon is always 
i)tavyy and we could not e^ily lift it, but for the Wcignt 
Which keeps it in ^eqKilibrio ; fo alfo the Water wci^ 
always the &nie ; and the R^on why we don't percdve 
■Us Weight when- the Bucket is under Water -in tfac 
Well, is, becaufe we are affifted W the reft of the Wa- 
ter in the Well, which is in mqumbrtQ with that in the 


■4. b Uit^UiJt'Waif n A- AmU fill bj thcOrPi Mbdif -mA. 

fnft fdJM « Badj ligbur the Wtler, it 1> omk proper to Die ■ 

Tib. L tt-i it filf, Thit DUT ht Siphon wiA twStt ArtH. Sm 

til- 4. doo* bjr geodf putdng Iha B^U't If i IMntttiik PtttJtr. 

^pbon ABCD, eiltd with 15- So Uktwife, » mty it, ttat 

OjlHUlbuABC, ImotbeWun Ojlbtmia t^ttir m uub Siii tfU 

till tho ftoitn Am AB bt oader mmjmirt^wt, vie thai | if, wfaca 

WiEcr) fortbetrtbiWittTpfcffiot the S^ptada !• filled vlih Witer ^ 

■pun tlw Snperfidei AB, vrtUlifliip to ABC, Ofl ha poond dpm tbc 

the O7I fa much the h^ei totmdi Warn in euh Aim, ud Wmci be 

D, u the Syphon li let down deeper ipla Kneed opan that Ojl to bU- 

latoit- And from hence aKo It it m Itoce the Preflbre of the lnwarWa> 

cku u the Sonet Noon- Dijt (hit cei npwudf Stt BiyU'i ^)^^^^• 

tlure li to (bcb Tbin| >i Ltviif in titki, FaTtdim g. 
ItiCiVC. Bol left the Expaiment 
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CHAP, xvii: 

Cf Accrahn^ Dimimrtm^ andjOSiratmi 

AS AH/lfftle in treating of local M&tifin cotifideis alfo t^H^hsttt 
'^^ the other Changes that happen td natuitti Bcidies, fu^ 
as Jccretimj Dimnutimy and JherafUn^ which he caUs ««/ oimi* 
Motion likewife ; fo we after his £xam{de) (hall not ^^^^ 
wholly negled ■ thefe, but flibw that it • was not without 
Reafon, tbit he brought them under this Head, fince 
they are indeed the mtOs of local Motion. AU the 
World agree, that by Accretion and Diminution is itteant 
the fenfible Increafe or Decreafe of thef proper Subftance 
of a Body; Thus we are fiire, that the Trunk of a 
Tree is intreafed when we fee it bigger than it wa» be* 
fore. 

2. Since we obferve, that Trees, and in general vSi%*amB§. 
Bodks ftand in need of Nourifliment, to make them ^^^^f^ '*: 
increaie, and that it is impoffible to conceive how sl^^J^ 
Body jfhould increaie and become bigger mthout fome 
Farts being added to its former Bignefi; this is a con<- 
vincing Proo^ that evenr Body wiiich increaies, receives 
fbme Augmentation of Matter. And ^ this is true of a. 
Body which increafes, (o may we alfo afSrm, that everv 
Body which decreaies. Ides iome o{ the Matter which it 
had before. 

. 2' However this does not4)inder us from making aS-'jff/*- 
difiference betwixt Incrcafc and Rarefaction j and betwixt^Jj 2^' 
Dicroafe and Condcnfation : For the M^ttter which is ad- RMn^Siw. 
ded to a Body increafing, and That which is taken from 
a Body decreafing, is looked upon as belonging to it» 
and as part of its proper Subftance; but, as was before 
obferved^ the Matter which enters into the Porcfi$ of a 
Body to ratify it, or That which gets out of it? Pores, 
tint it may be condenfed, is looked upon as Matter that 
does not belong to it. 

4. The Idea we have of the Accretion of a Tree, be- ^'nMtthtn 
•ing'ifflferent from the Idea we have of its being tranf-^^^^^, 
planted, it muft be owned, tkit AriftotU had Reafbn tofertnuU- 
make a difierenoe betwixt Accretion and local Motion. f^fttAeert^ 
However, as a Tree cannot be tranfpkmted^ but by the ^"^ 'J4>ii«" 
local Motion of its whole Body, fo we cannot conceive UcaiMnion. 
how it fliould inoiifafe but by the local Motion and'/"* 

H 3 Union 
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Union of the fmall Particles which contribute to the in- 
creafino; it 
5» flbv^tf- ^^ When a Body neither increafes npr decreafes, but 
t^fii^' ^ " is fomewhat changed, if this Change be not fo great that 
. we do riot at all k^Qv^ it ; we call it, as was faid before, 
jtlteration j hence it is eafy to fee, that there can be no 
iteration without Ideal Motion : For how can there be 
' any Chiinge in a Body, if none of the parjs which com^ 
poie it, and upon the particular Order of which its Nature 
depend3, have changed their Situation ? This being ib, it 
is very evident, that there muftbc an Alteration in aBo^ 
dy, when the fenfible or infenfible Particles of which it 
is compofed, are put put of their Order, or any great 
Change made in their Figure : Or it may alfo fuffer an 
Alteration^ by the Acquifition of fomc new Particles, or 
by the Lofs of fome of its old ones j all which cannot be 
without local Motion : Thus, when there is a^ Alteration 
in a bruifed Apple, we can eafily imagine that many of 
its Particles have been forced to change their Situation, 
and perhaps fome of them have alfo changed their Fi- 
gure. If after this, any one ftill doubts whether there 
may npt be fome kind of Alteration in which there is 
fomething elfe befides what proceeds from local Motion, 
I think he cannot be fatisfied better, than by what we are 
now going to fay of iir/wi^ 




CHAP. XVIII. 

Of FO R M S. 


F«rw « ht J^^ RMS are a Subjefl: that we cannot hope to treat 

nTttuated ^^5 ^ we have done of Matter. For fmce Matter 

nfby tbm- is a commoil Suhjtratum^ which, when once we underftand 

Sthtu what it is in Wood, we cannot at the fame time but un^ 

derftand what it is in Fire, and in every Thing elfe ; one 

f ingle Reflexion i§ of it felf fufficient to gain the Know-* 

ledge of it. But becaufe the Form of any Thing, .. is that 

which makes it to be that particular Thing, and diftin-: 

giiilhes it from every Thing elfe ; it does not follow, that 

if we knew the Form of Wood, we therefore know the 

Form of Fire, or any Thing elfe. Wherefore if wci 

would fucceed herein, and fay fomething more than ordi-, 

pary, we muft defcend to Particulars, notwithftanding the 

: - Cuftoni 
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Cuftom of Philofophers, who feldom do fo, but for the 
mofl part content themfelves with propofing abundance, 
of loofe Queftions, which we may look upon as fuperflu-^ 
ous, and from which we can gain no Advantage. 

3t. However, I do not afSrm, that it is an ufelefs En- «• y /«*- 
quiry, if it (hould be asked here, as ufually it is, whether i^"""''' . ' 
there be any fuch Things as Suhjiantial Formi^ that is, that tL lu- 
Forms which are real Suhftances ; and confequently have a/*«*» 9f tb* 
dtftina Exiftence from that of Matter. But thus much ^^^'^•^'^ 
at leaft, I may venture to affirm ; that the Solution of this prow )bst 
Difficulty, depends upon the particular Knowledge oi there an ai^ 
the Things. The Inftance of the rational Soul proves no- ***""'• 
thing here 5 for though we know that this is a Subftance* 
really diftinft from the Body, to which it is united, and 
that it does not at all depend upon it for its Exiftence, 
yet we can conclude nothing from hence as to the Form* 
of other Beings which are purely material. 

3. But if we confider this Matter more clofely 5 though 3. Ihat the 
I acknowledge, as all the World do, that the Soul is that ^""^^1^ 
which particularly makes a Man to be ^ Man ; and con- fo^^ ^j ,^ 
fcquently that it is truly the Form xA^d humane Body ^^bumamBei^ 
humane 5 yet I c^'t agree, that it is, properly fpeaking, ^ * ^^* 
the Form of all that which is ftnfible, and is called the 

Body and confidered limply as a Body ; any more than it 
is the Form of any of its Parts, confidered as different 
ffom each other : For in this Senfe, every one of them 
has its particular Form fo clofely connefted with the Mat- 
ter of it, that it continues as long as the Part fubfifts, 
even after the Soiil is feparated from the Body. And in-r 
deed after fuch Separation, every part appears the fame,* * 
as it did immediately before. For, that which was Flefli, 
for Inftance, is Flefti ftill, and that which was Bone, is 
Bone ftill, and fo of the reft. 

4. The Caufe of many People*s Miftake, who con-4-^«ff"w 
found the Properties of- the Body with thofe of the Soul, T^^^ru'' 
is this J that a dead Body, when the Soul is fepaiated from 

it, is uncapable of many Funftions which we obferved in 
it before, fuch as moving it felf, Refpiration, Nourilhr 
ment, €j^f . fo that they perfwade themfelv^ that all thefe 
Things depend upon the Soul, and would not have ceafed 
in the Body, if the Soul had not departed from it : 
Whereas we ought rather to think, that the continuing 
of the Soul in the Body, depends in fomc meafure upon 
the Difpofition of the Body to perform thcfc Fun£tions, 
and that the Separation is a Confequence of thefe FunAi-^ 
!«» not being able to hie performed. For every Day's 

|I 4. Experience 
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Experience fhows us, that Death never comes^ nor is the 
Soul ever feparated from the Body, till it is fome way 
hurt, or by fome Means fpoifeid and corrupted. And we 
have ;io flxample of the Soul's being feparated Crom a 
found and perfect Body, and that this Body did not be- 
gin, to be corrupted, till after, and becauie the Soul was 
Separated from it. 
S-^*"**** 5* It would therefore be ufireafonable, upon the fingfe 
K^m!^^ Inftance of the Rathnal Soul^ wrhich is very diflFwent from 
the common Forms of Bodies, and without firft knowing 
. the particular Form of all Kinds of Bodies, tp affirm here 
raflily, that there zxtjubjiantial Forms in Things mcrdy 
corporeal; however we may venture fafely and confi- 
dently to affert, that there are fome Forms which aie 
effential^ that is, fuch as belong neceflarily to their Sub« 
jedb : Thus to he liqtdd is efiential to JVat^r^ because there 
is no Water which is not liquid \ we may alfo affirm, 
that there are other Forms which are only accidental, be- 
caufe th^ fo belong to the fubjedl) that it can exift with* 
out them, and not ceafe to be wli^t it was. Thus coldnefi 
is an accidental Form of Water, becaufe Water would 
fttU be Water, if it was mad^e liot. 
^.rhatitu 6. It might very eafily b^ that Jriflptle might ac-* 
not certain, knowledge TffSmtial Forms and not fubftantial Forms ; for 
dt^i/i^i?" it is certain, that the Greet Word wlw^h he v^s, may 
hw ojfuk^ as well or better fignify the one than the other. 
ftantui y . Forms are commonly diftinguiibed into Natural zDd 

j^ffbltAr-- ^ificial • They call thofe NaturaU which bdong to the 
tificiai SubjeA without the Aifiiibuice of Men ; Thus a Portion 
^nT ^^^li ^^ Matter receives the Form of Marble in the Bowels 
a Jo natural, ^^ ^^ Earth. Artificial Forms are thofe that proceed 
from Art \ thus the Form of a Clock is called Artificial, 
becaufe it is owing to the Labour of the Clock-maker. 
I agree, that if the Name had been given wilh regard 
only to the Caufea by which they were produced, it 
would hav£ been reafonable to call the one Natural,- and 
the other Artificial ; bu^ fince it is inferred from thence, 
that the Hatidral Forms are different from the Artificial 
" Forms, and that they aft from internal Principles, which 
are very different from thpfc of Artificial Forms ; there 
lies- the Miftake. Y ox Artificial: Forms are as. natural as 
the Natural Forms theimfelyes, becaufe they proceed from 
Caufes purely natural; and Art, as w^ faid b^ore, does 
nothing clfe but apjjy aftiv<e Things to paffive Ones, 
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8. It is much more reaibiu&le to divide Forms into <•. ^^ o«- 
Ani^ and Con^wnd. Sin^ Forms are thofe of fimi^e ^^^ 
Beings, that is, of Beings that are capable of but aj&^Ami 
ftw Properties ; and compHmd Forms are tbofe of 00m*- '^^f^"^ 
pound Beii^ that is, Beii^ that are capaUe of agieat 

many PiY>perties9 For Inrance, the Form of a hard 
Body, whatever that Form may be, is a JimpU Form 
compared with the Form of Wood, which, witbrefjpeft 
to the former, may be faid to be annfounded ; becade a 
hard Body, as bard^ b not capable of ib many Pro- - 
perttesas Wood* 

9. This Obfervation is more remarkable than one 9« 7M^ 
yff&M imagine. For it is evident, iiatjia^ Things may ^^J^^ 
be known, when we don't at all know thofe that are undtrfitti 
compounded of them : Wheraas we cannot know tbxAfi^^ 
that are c9mpou$idedj but we muft have adifluiA Know* 

ledge of thofe Things which go towards their Goitqio* 
fitioo. Wherefore in order, to underftand particularly the 
Forms of Bodies, it is neceifiMy that we firfl begin with 
thofe that TxtJimpUj and irfterwards come to tbofe that 
are csmpoundta. 

. CHAP. XIX. 

Cf Ekffumts according to the Opwlon (f the 

jlntients. 

¥ F. we once have a clear Notion of what Philofopbers i. wbMt 
^ mean by the Word Elemtnty we cannot doubt, but Pf^¥f^t 
that the Forms of Elements arc the mofl fimple of alL J^J' ^" 
It is to be obferv'd therefore, that the (H-incipal Defign 
of Philofopbers, is to explain how every Thii^ is gene- 
rated, in fuch a manner as to let us know the different 
States through which fuch Things pafs from their fixft 
Princi{des till they are entirely compleat, and in that perfe^ 
State in which we fee them. And in order to this, fince' 
they find by Experience, that every Thing is not made - 
indifferently out of another, and that Stones, for Inftance, 
and Marble are not proper to be converted into Fleih, 
neither will they ferve to nourifh it and make it grow j 
fo they judge by proportion, that all forts of Bodies are 
not compounded of Principles alone, connected together 
in the mofl fimple manner poflible -, but only fame very 

fimple • 
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fimple Things, of the Mixture of which all other 
. ' . Things are afterwards compofed. Thefe very fimple 
Things, whatever they be, which thus arife froni the 
firft Determination and Connexion of Principles, are what 
Philofophers call Elements : So that Elements differ from 
Pmr/^/?i in this, that d. Principle j fuch as Matter, for 
Example, is, as it were, an incompteat and undetermined 
Things whereas an Element y is a compUat and determined 
Thing. 
%. rbst 2* This being explained, there muft, wkhout doubt, 

tbiri ought be more than one Element ^ otherwife there would be but . 
to^ more ^^^ uniform Simplicity in Nature, and no compounded 
fb^cne. Things. But Philofophers have not agreed what is meant 
mndtob^t by Element ; the Reafon of which isj, becaufe they have 
the Opinion ^^ f^ mUch inquired into the N&tiire of Things themfelves 
tienu noM ^ J^^o the oenjattons which they are apt to ratfe tn us. 
concemiag Thus fomc Philofophers who confidered the Senfe of 5^^- 
Elemtnes. /,,^ only, have afferted that jL/]g^A/ and Z)fl^r>^, Tr an/parent 
and Opacous were the Elements of Things. And others, 
who referred every Thing to Feeling, have pretended 
that Hard and Liquid j or Hot and Cold were the Ele- 
ments, 

3. Hew 3* ^^iftotle may be placed amongft the Number of 
Ariftotie tHcfe laft, thbugh he went in a Way fomewhat different 
made Four f^^ theirs. He confidered firfl:, the principal Qualities 

*** * r that come under the Senfe of Feeling, fuch 2!^ Heat, Cold, 
Drynefs or Hardnefs, and MoiJlneJ's or Liquidnefs : And 
after he had obferved that two of*^ thefe Qualities might 
meet in the fame SubjeA, and that the Four might be 
coupled four different Way^ he compofed four Elements ; 
. of which the Firfl is Cold and Dry, the Second is Cold 
and Moi/l, the TMrd, Hot and Moijl, and the Fourth, 
Hoi and Dry. 

4, Whetf 4- Then, in order to give Names to them, heexami- 
Nimei be ned what thofe Things in Nature were, in which one 
gaiHtothem, Element feemed to prevail, or in which its Qualities were 

moft fenfible. Thus, imagining the Earth to be both 
the coldefl and drieft Thing in the World, he called his 
Firjl Element, Earth. Sa likewife, becaufe he thought 
that Water was the coldefl and moifteft Thing, he cal- 
led his Second Element, Water, Further, imagining alfo, 
that there is nothing more moift and hot than Air, he 
adled his Third Element, Air^^ And lafHy, not doubting, 
but that Fire is the hotteft and dryeft Thing in the World, 
he called his Fourth Element, Fire. 

* • • • - ' ' ■ . 
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5. Jriftoileh making ufe of Names which were before 5- ^at tbejk 
ufed to fignify otherThings, hath given occafion to many, ^X'a^oarf 
who did not rightly apprehend his Meaning, weakly to by ^fimu 
believe, that Tins Earth which we inhabit^ This JVater 
which we drinky This Air which We breathe ^ and This Fire 
which we khdk^ are the Four Elements, But this will ap- 
pear a very grofs Miftake, to any one whoconfiders, tluit 
the Name Element is given only to the mo/l ftmple Body^ 
whereas the four now mentioned are the moft compound- 
ed of any we know. 

. 6» But if we fuppofe the Elements of Arijiotle to be as e.^iat tik 
Ample as he makes them, and if we compare them ^^^^tT!^» 
thofe which other Philofophcrs have attempted to intro- ArifloUe 
duce ; we do not find any Advantage they have, why we €nd otbtrt, 
Ifaould prefer them above others j becaufe in this Matter ^f *' yy 
we have no more reafon to confider the Qualities of Feel" ^* 
ing^ than thofe of Seeing, or any other Senfe. But nei- 
ther tim one nor the other ought to be allovired, and that . 
for thele two Reafons, which feem to me^ very ftrofig. 
The Firft is. That in order to eftablifh Elements through-, 
ly, it ought to be iq)on the Determinations which {nay 
happen to Matter abfplutely and in it felf, and hot upon 
the Relations which the dinerent Forms of which it b 
capablemay have to our Faculties to raifeSeniation. The 
Second is, that all thefe pretended Elements being deter* 
mined by fenfible Qualities, of which we have no clear 
Notion ; it is impoffible, but that there muft remain fome 
Obfcurity, into which no Philofopher can fo far pene- 
trate as to be able to fee what will arife from their Mix- 
ture ; in the fame maimer as a Phyfician cannot tell what . 
is the Virtue of a Medicine compofed of many fimplc 
pnes, of which he has only a confufed Knowledge. 
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CHAP. XX. 

Of the Eiamms tf the Chymes. 

t. TbtAfi- T Cannot teQ whether thefeor fodi like Reaibns, in- 
$M»/ the * dneed the Ch^mjis to rgeft tbofc Elements which the 
^^f'oJ* Antients would have introduced ; thus much is certain, 
•f^Smnti* that they had propofed others very different; And ' in 
ofder to eftaUifh them ; as they profefe an Art which 
cdiififts principdly in ufing Fiie after difieient mann»s, 
> fo^ feparaie as nmch as is poffif)!^, the dtfierent Parts of 

whieh<djftrent Bodies' are compoTed, they have pretend- 
ed^ thkit this Refoktioir is tlw only Way to find out what 
afe the true Elements which Nature makes ufe of in die 
. GompoTition of Bodies ; as the taking -a Machine to 
Kteees) is the only vray to find oitt vrhat it is compofed 
ofl 
ft. WbMttht ^i Thus^ in working upon certain Bodibs, 'upon Wine^ 
Miertitfy tf fttpfw>(^ they puft^ laigp Quantity of it intoanAlembick, 
tk* Cbjmfit j^ij^iby njeans of* Flre^ make fome of its Parts exhale,- 
which* being then comfenfed by the Cold, fall down into 
anethfer.Vcfel-in the Form of a fbx)ng, fubtil, and penci 
IMin^Liqnor, to which they are pleafed to give the Name 

3 . Wbdt u 3^ Aife^ thisj continuing the Alembick upon the Ffre^ 

ittbattbij theymahe^i^'difti}! a Liquor which has no Tafte j and 

^^i^. *** ' *^ cAVPhkgm-i and fo they go on- till ' theitre- 

' 'mains notfrftig^in the Alcmbicki hot z glutinous Subfiance 

like Hdney; Then- tfainr put this ^tinous Subfbnce-w-^ 

to a Retort, and with Fire they make it again diftill a 

PhUgm like the former, and then an acid Liquor which 

they call Mercury alfo 5 and after that, another Liquor 

* not quite fo fluid, fomewhat like Oil, and which is in- 
flammable like i^, to which they give the Name, Sulphur^ 

4.. vnat it 4. Laflrly, They take that which remains in the Retort, 

u that they and which prefently grows dry, and burn it, and put the 

MmoSm Afhes into an Earthcft Rot or nui^ with a certain Quan- 

MHd Ssit.* tity of Water, which in a Ihort time! becomes Salt, then 

flrainlng it off clear into another Veflel, there remains 

in the Pot a kind of dufly infipid Earth, which they call 

Caput mortuum or Terra damnata ; then with a gentle Fire, 

• tiry/make the clear Water which is in the other Vcffcl 
to evaporate intirely, and after that, there remains at the • 

^ Bot- 
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Bottom of the VefiH, a haxd brittk Body which b very 
:like Salt, and therefim they call it^^fr. 

5* Henoe they conclude, that thefe five Subflances, c. nt r 
tifs. Mercury^ PhUgfny Su^htTj Sab :and Cia^itf mfrm- j^^'^' 
»iif, are the Elements of Wine: And hecaufe whatever ^M^r, 
Afty can extraA out of any other Subject refembles one Sait, iid 
or other of thefe, tfaeitfore they conclude in gencial, ®*p»*"«»* 
tbrt thefe Things, aie the only and the true ElsmMs 6f%^'^g^ 
^ die mixed &)die5 which aie in the World, and that (f*bt dy- 
all the Variety that we fee is owing to the difiexent "'^'* 
Mixture of thde. 

6: I (hould think ka great Piece of Injuftice not to 6. Binm 
%give the Chymifts diat Commendation which is due to ^^'T^?^ 
their Inddfaj and laborious Applicaticm. Without doubt JT^i^J/'jJ?' 
the whole World, and the Philofophers particukrly> are^^fr«, 
very much oblig^ to them for the Pains they have tsdken, 
and which they continue to taiee, to make a great Num- 
ber of Experiments, whereby they come to the Know* 
ledge ^ diverfe Properties of many different Things. 
This gives them opportunity to find out and difeover the 
Nature of Things, and at the fame time, ferves for ^a 
Rule to try the Tnith of their Principles by, and to juf- 
tify their Realbning and the Confequences which they 
draw from thence. However I think their maimer of 
treating of. Philofophy is not fatisia^ry, nor their Ek-' 
nunfs fuch as ought to be allowed. 

7* .Tbv^h the exceffive Commendations which they 7* tbiEr^ 
give diemfelves, and with which their Books arc filled, as ^^ *V^ 
if they were the only Pbiiofophers, and the Secrets of ^^^* 
Nature depofited in their Hands alone ; and thmgh the 
hx&i Promifes they nuke, which for the moft are falfe 
and vain, have rendred them almoft univerfally contemp- 
tible to the World ^ and the obfcure Terms, and almckt 
perpetual Equivocations which they ufe, have made them 
ridiculous alfo to a great many : 1^/ 1 do not depart from 
their Opinions upon this Account. For as to thefe ex- 
ceffive Commendations, and vain Promifes, they are only 
peribnal Faults which any one may eafily lay sufide, and 
which fome Chymifts of my Acquaintance are entirely 
free from; who fiur from being vain and proud like o- 
thers, are on the contrary, 1k> modeft, that if they had 
nothing dfe to recommend them, they ought upon this 
Account to be placed in the Rank of Grentlemen. And as 
to the Obfcurit/ of their Terms, fome of which are 
authorized by Cuftom, that is eafily difperfed, if we 
give but our idves the Trouble to explain them. 

8, That 
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« . "That 8, That which makes me riot to appxove of the Me- 

i^t'^X' thod of the Chymifts, is, firft, bccaufe it is defeftive ; 
aUthe Parti for it IS certain, that let them take never fomuch Pains» 
tfj *'**' they can only get together the fenfible Parts of which a 
t^wbick ^^y ^ comp5ed : For as to thofe which refembli? that 
tktydogtt fubtil Matter, the Exiftenceof which, we demonftrated 
2''^'' ^ aboire, and which go to the Compofition of a great many 
. *^ • Things, thefe cfcape all their Pains. But further, that 
which they give the Name of Principle to, cannot: but 
be very much ahered, and very different from what it 
was in the Mixture : For it is impoffible, but that the 
different Parts which they £xtra<9;, when they are put in 
Agitation by the Fire, W dafhed one againft another, 
muft be changed both in their Figure and in their Na- 
ture. And this is confirmed by Experience, for if all 
the Parts into which the Mixture is refolved, be mixed 
together again, the Refult will not be at all like the for- 
mer Mixture. 
% '^^^'^ f 9* To this may be added, that the Chymifts deceive 
^eir'o^pm- themfeives, in faying, that there are but five Elements: 
CH, there For allowing of their Method, and ..the Manner upon 
^^^'tban "^^^^ ^^ ^5 founded, we muft fay, that there is a great 
fve Eie^ Number, yea fo great, that it is impoffible to know them 
mtfUh all. Thus there are a great many. Sorts of Mercuryy 
Sulphur^ Salty &c. But to mention &// ori^ ; we And 
almoft as many different Salts, as there are different Mix- 
tures. For Example, That which is extracted oi\f of an 
Afh-tree, is Cauitick, that is, will corrode and burn 
the Fle(h, if applied to it ; but that which is extra<£led 
froni an Oak will not do fo. 
lo. That 10. But that which (hocks memoft in the Reafpnii^ 
they have of the Chymtftsy IS the Conflifion that they are unwilling 
^Md '^Notion to get out of, and the Avcrfion they havie to clear and 
of their own diftinft Knowledge, which it is fo natural todefire. For 
Eiementt. Inftance, if we ask them what they mean by Sulphur j 
they will anfwer indeed, that it is a fat inflammable Suk- 
Jiance y but if we go on to ask what this fat inflammable 
Subftance is, which they call Sulphur, and in what this 
Property of being Inflammable confifts, they will not only 
not give us any further Anfwer, which indeed is no great 
Matter, becaufe they have none to give ; but they will 
be offended at our Curiofity, and that vre fhould have any 
Defire to be fatisfied herein : So tliat their Science extends 
no further than to give Names to' things whofe Natures 
they underftand not, and confequently from the Mixture 
of which, it is impoffible to forefee what will arife, which 
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is one of the principal Gondiltions which v^ ifqui^e in ' - 
Elements. * • » . 

11. Perhaps it will be laid hereift fevpur of the »»• ^^ 
Elements of the Chymi/isy and in favour of thofe of the ^T^'f^g 
Arijloteliansy that though we do not know diftin^y what Bkmf^t of^ 
they are in themfelvjesj yet we know at leaft what they '%^^*, - 
are capable of, that is, the Senfations they raife in us, or ^^ojuiiJs. 
the Convenience or Inconvenience we receive from 

them, which they think fujficient to detejpiinc what thp 
EfFedi of their Mixture will be. For, fay they, we may 
lay down two general Rules hereupon ; Firft, That if 
two things feparatefyy are .capable of . producing the Jame 
EffeSiy they will alfo l^e capable of producing it when they 
are mixed together, Secdndly, That if Two things fepa^ 
rately^ are capable of producing two contrary Ejfe£fSj when 
they are compounded together ^ they will produce fome rmddle 
Thing between thefe two Effe£is. And thcfe cannot be de- 
nied to be of good Ufe. , 

12. Though thefe Rules are for the moft part found x*. Thh 
to be true, yet it will be very wrong to truft too much ^^^. 
to them ; and I doubt not but the Chymifls themfelves tC'ouAm 
will difown them 5 for they know very well, that he of our nut-^ 
whoexaftly follows them, will many times forma judge- I'^^^Jf^ 
ment contrary to Experience. mntf,^ ^'* 

13. For inftance, if we follow thefe two Rules ftrift- 'a* ^btfirf 
ly, we muft a£irm j that two Bodies which feparately are ^"fi^*^* 
coldy ought together to make one cold Body, 

14. We m^ft affirm, th^t two liquid Bodies will com- 14- II* In* 
pofe one liquid Body. ■ A»«» 

15. That two tranfparent Liquors will compofe one 15.n1. /«. 
trarfparent Liquor, j^Mct, 

1 6. That two red Liquors mixed together, will make ,5, jy. /^ 
one red Liquor. fiana. 

17. That a Body of a Yelhmjh Colour ^ mixed with 17. v. /«• 
a Body of a Green Colour <^ ought to compoie a Tellowijh^*"^ 
Green. 

18. That two things which may be feparately taken ig, vi. A- 
without any danger, may alfo be taken together without A««» 

ig. However, we know that every one of thefe are 'q- "I^PP 
contradifled by the following Experiments. For Exam- ff^lg^ 
pie, cold Lime^ havi/ig cold Water fprinkled upon it, frary. 
grows fo hot, as to be ready to burn. Further, If Oil 
of Vitriol 2SiA Oil of Tartar y each of which are cold, be 
mixed together, we fhall perceive a fudden Ebullition, 
and at the fame time a very fenfible Heat. 

20. If 
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«o. n. E$f 20. If Sftrit ef Wme and Spirit ff XMne^ each of 
fmmt^i. which arc very fluid, be mixed together, they will, in 
4 Moment almoft, unite into a Body not at all fluids 
but pretty hard. 
^^.nL £». 21. If about an Ounce of Litharge of S^ihir be put in- 
^imm^ to a Pint of diJiiUed Vinegar^ and boiled half a Quarter 
of an Hour, and if a P^sce of unpacked Lime be fteeped 
Four and twenty Hours in a fufficient Quantity of Wa- 
ter ( it muft be in an Earthen Pot vamilhed, new and 
ciean ; ) and afterwards each of diefe Liquors be ftrained, 
they will be veiy tianiparent ; but when they are mixed, 
th^ will become q;>acous and of a very brown Colour. 

SI. Of ^^' ^^ ^^ ^^ ^ '^^^ ^^° Liquors confifls the whole 

Sjmp/tht' Secret <^ the Ink, which they call Sympatbetick Ink. 
iiek Ink* They write that which they would not have fcen, with 
the nrft Water, and the Writing diiappears the Moment 
that it is dry : Then, he who receives the Letter, wipes 
over the Paper with a Sponge ever fo little moiftned 
with the other Water, and the Writing begins to ap- 
pear of a leddijSi Colour, tending to a Black. If thefc 
Waters are frefh made, and Care be taken to cover 
the Pot in which the unflacked Lime is infiifed, the 
Sponge that is moiflen'd need not touch the Writing, in 
order to make it appear^ it is fuificient, if it pais by it 
at a little difbmce : Nay I have often leen the Lime- 
Water fo ftrong, that when the Letter written with 
the firft Water was laid upon a Table, and covered 
with a Quire of Paper, the upper Leaf of which only 
was moiftned with the Second Water, the Writing grew 
black. 
«3. iv.JTx- 23. If a P^iece of Brafil Wood be boiled in Water over 
^ment. the Fire, we fhall prefently have a Liquor pretty red j 
which if it be afterwards poured into a Glais in which 
there is ever fo little Vinegar, this Colour will be changed 
into an Amber^Colour, and that fo quick, that the firft 
Colour will difappear entirely, as foon as the Water 
touches the Bottom of the 'Gh&. 
t4. V. Ex' 24. It is certain, ^hat Nut-Galls are of a YcHowifh 
ferimttit, Colour, ai^d that when they are reduced to Powder, 
there is no more Blacknefs in them, than in the Cop- 
peras, which is green ; and yet if tfaefe two be infuied 
in common Water for a few Days, or if you would 
have it quicker, if the Water be boilexi an Hour or two 
over the Fire, they will be t>f one black Colour, and 
not differ fix)m Ink but only in this, that they want 
the Gum Arabicfc. 

as. Phy- 
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iL5. Phyficians order fometuxws a few Drdps oi. Spirit *5« vi. £«- 
cf Nitre or of' OiU/rtiriJ to ha taken ia Broth or foirie ^"^* 
other Liquor, and the(e two Things taken fspuiulf aod 
in proper Caies, are good Remedies^, but if tfae}r.be:t»- 
ken together, they are Poifoh.' ' Now this £xpextnien% 
together with the forgoing ones, and- many othexBtldt 
might have been added, do fo evidently (how the Uii^> 
certainty of the two forementionecl Rules, Md txmft- 
quently the littk Ufe of thcElemints of the Antiintt and 
^/i^^ Chynnfity that there is. no heed of adding any 
Thing more: That which now remains to be done, is 
to endeavour to difcover what xx tbe trut Eiemmts p/^ 
natural Things. \ '^ 
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Of the Elements' of Natural TUngs. . I ; 

3 

T^HAT we may a<ft here with poifibfc CautioA, i. rhat w 
and eftabli{h-'thd iiumber bf Elemcijts, upcm the^'T/^'. 
CoMd&tSittoti of Things as they are in themfelnFesi with- Jcrthing 
out any- reganf to the Manner of their zfEsAing us ; we Figures to 
obfeive, that the firft Thin^ that we can oohceive to hap- '^' f/""^' •/ 

■ \m • 1 • « !.••«• t Matter* 

pen to Matter, js, that it may be divided into a great 
hfumber of Parts, all which are of a certain Figure. This 
Confideration is of great Importance j for if we attend 
ever fo little to it, we flidl be furprized at fome Perfons, 
wh6 are ready to laugh, when we obferve ito them, that 
^he Parts of Matter are of a ceruiii Figiire, and yet can 
lerioufly hearken to thofe who tell them of occult Qiia^ 
lities,' which they cannot at alt comprehend, 

2. We cibferve further, that befides thofe grofs Bodies, 4. f^hat 
fuch as we can take notice of, with which we are fur- there are a 
rounded ; there are an infinite Number of others very fmall, ^"l^!^"^ 
which eicape our Sight, and which were not at all known ^XX'fci* 
to the Antients. Though even amongft thefe, if we 
ftri^y examine them, fome may be made appear to us, 
fuch as the little Eels^ which fpring up almoft in a Mo- 
ment, in the hejtfort of Vinegiar fet in tin warm Sun ; but 
if is certain, we had not known of thefe fmall Creatures 
to this v»ry Day, were it not for the happy Invention of 
.the Microteqpe, in this Age. Thus, for Example, Specks 
of Mould upon the Covers ^f Books, have been long ob" 

Vox. I, I fcrvcd,. 
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'^ -'** "^ ifertjed^ ai^alfo, that z:Jk[kii whkhis mu^hlifs tbuia 
* ::6ntiiu:if £and^ is sxi AaoXmA^. becaufe'i^ caa fee it move 
Ucmg^^faut k is finoe the Javentioa <3f Mipipofooiies that 
-vaeridin'with. ][iBflifureiioc:not onljr ih»t^t\^Y are fo, bv^ 
<dm cnei^ '&pictiof':S9iuld,h a litde G2Mldei^i€Ovefe4 with 
tEIanCs, .eyer;r xne:.a£ vehich ius its 5/^/^9 L^^vti^ Buds 
-iiid FiAvws ; andrthat a Jl/ii^tf Ijas its Boii cpviff.^d with 
-SadeSjVtbut it has ibreebFtit. m each Sid^y tfnd tw9 Hgci 
bSjfbts iv t&K Hiady which .v& jGuppofe to be ^jj^^, ib^rcaufe if 
'^pe Paintx>f JT Needledbe piit in its wa}9, ;t ^iU ttimaficki; 
5. 7hat i: e^ Sincb ftichii&nail Bodie^ara <[ifepivered.9uik4. ^n bf 
'J^^-^^"'*\jhr*M^ wc may rxcalbnably judgfi that itbcw a«^ 

'pafttfiiU P^J^s incomparably lefs yet, which efcape gQ Qur .$c;nfea, 
/m/A»-. all the Induftry of Man, and exceed even our Imagina- 
4m«(^(4,. And tjb^.^j^j^.be -cWJiy^M.iW 
pie ; Since a Mtte walks along, it muit have Legs^ and 
thefe Legs muft neceflarilyhave Joints^ In order to move 
the Joints, there 'muft be MufcleSy 'Ni/rves and Tendons^ 
and in thpfe l^Ierves Flbnes^ -fuch as we/ee in tbpfe of lar- 
ger Animals, or dt' l^ff/ fomething equivalent to them : 
And if we would carry this Confideration yet further, and 
»w *v.r T .fpeak df the /fe^r/, Blmdi Br4m^ ^nd ^in^lJStpfnfr^ 
uite Audi t^ tpuitc/af aX^fa; wi forced tfjf psfibfks that 
'<i(ir Iqiagmation isauf)0l>k.<9 Qompjc^^nd onfii^p^snt the 
' oextieme Siliaffnefi: of ibe^l^iift' Parts of. ivhicb a ^ite is 
, .,^ <joifapofed*t ■l.detoihat JthefeTftlr^.i^ €^^r 

. :dffn;d^3tti ILhavelpuiipQ&l^ urgsd th$n>, to >VQid the 
ilinjpertin^ncexxf thfife Rorf^fis, jfvhp^ ricUaji0 ev^^iy Thing 
Ipn^ofed tcy thedi^ ^hicbL<i|9(^ mt-i^te with their grds 
,Nohons;^and v\^ho.flpgJce..a!jeft of. it, wh«n We mmr 
nd^ti (hat &ibtle Matter to tb^m, )Vho& qvick Motioi^and 
jSmdlne& .xn^es; a' Pai&g^ /or it^ .2^ find^ it . 1^ Pboe 

4. rb4t 4. Havii;]^ laid dow:^ thefcOhferv^tions, finc^ we «j3p 
^j^f'^t allaral/tthatthc fimalteft B(JdiQ»in the .WoiM^ as wdl as 
1u/rfiDi-"^^ farger, ajdleJrflm 'tbe^Mixture. of Elgmwits 5 and 

v^jioHthj^e Jinceitiscertaio, t^t^ fufiebat.Nii^b^rpfll^efimUeft 
'Parts, may conopofc.-^.gceait a Body ftswe^lKiH j t^je 
tmiift conclude, thitt.thecepu^ht to be a^ maJriy £lemems, 
<as there- canbe^fefoarkable DifFereAdesfih tkeinfeofiUe 
Farts of Matter upon their, firft Divifiort. 

5. that we* , 5; :Nbw that my Mind may bfe the c|ea):)er trndehEbood, 
j^Z'c/ai. ^ ^^ ^P^^ ^^^ Advice which I befpre gave, viz. That 
Divi/iom -I cofifider Things in their m^e natural ^tat^. And though 
tb€twa» " I ana very well awar«^ that the firft JDivifion of Matter 
c'reaiZp/^yf^ ffi^dc by God,. aod&s:^ frf^ed^ v^ ahct creatod 
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:tJbe .Wori[d ;« ycit that i$ not jthe, D^Hloa I asv ttw 
ipeakij^ ^^ ibecsiufe I believe /^he Cra^tion t^' be^a M)?^l^ 
tery' which »1 caxmot. feaich ^p the B*>ttom of. So tbat 
Jf fpenk of another Dlvifion, whkh mi^y be madi^ agree- . 
^ly to .th^ Noti()iis> we hasrey*. iasid of which^ nU <th^ 
■Xhunigs in ttit Wodd axe the <3<^nfi^|ueneQS» • •.- , \ 
- 6. Thus, ^niidering as fef as 2 iiin able all. Matter, 6* ^*^' 
^ firft divide it, in nw.Mindimo an iirfnite Number of 't^^;^!^* 
;PaTts vary near egua^ not t-rpuyiflgimy fclf wjiat Figuie jfufpofi 
tJbey ace of, , becau^^ there may be a gteat many. Other E^^ents to 
Figures, beTid^ Oibick which come$ iirft into every one's ^^^r/'^^* 
TJiought, that may prpduce -the fame EfFed. Aftier this^ 
1 fuppoie that God turns every one of thefe little Parti- 
cles, in many diiierent Manners, about their feveral 
Centeis, in order that a true Divifion of them from fsach 
4dther may. begin to be made. * < 

7. Thofi being fuppofed^ it cannot be but that all thefe ?• ^^f' 
Particles of Matter maft be broken- where-ever they are ^^jj^y^ 
■angular^ or are intangled v(ith thofe tbat join to: them ; three £/f« 
,io that thofe which wem fuppofed before to be v^ fmail, ««»^'« 
jnuft became ftill fmaUer an:d imallei-, tiU th&y are got 
into a %jh<erical Figure. Thm we havft two ; Scrts of 
Matter de^^miiied, which we lotught to accoum the two 
firtt Elements* And of thefe tWP we here call that which 
qonfifts of thQ very fine Z)^ which comes ofF fromtho^ 
Particles^ which are not quite fo fmall, when they are 
turned round, xh&firft Element. And thefe Particles thus 
jnade round, we caU the Second Ekment. And becaufe 
it may be, that fome of the fmall Parts of Matter, cither 
iiQgiy or united together, may continue in irregular and 
€0if^edFigurety not fo pro^r for Motion, we take them 
for the /i&iii^ Element^ and join them to the other two. 

2« As to the chief Properties of thefe three Eitntent^, 8. Ti? p«- 
k is to be obfcrved, that it k ino G^ntradiftion to fuppofe ^/^l^"//-^^* 
them to be changed from one Sort to another : Thus the * 1 

Particles of the Third Elefh^^t may feimetimes b^ made 
round) and acquire the Foiftnof the Second, And thofe 
of the Second ^nd Third may be broken, and foconvertsd 
into the Firfi. But none of thefe three Elements will 
better pieferve thdr Form thantbe Second^ becaufe it is 
more folid> ^od the Spherical Figure, which it is of, will 
allow it to move ^boul it fejif, withdut being intangled with 
the Particles about it. On the Gontiary, hone are fo 
eafily changed a( the Firft^ becaufe its Particles moving 
very quick> and being very fiibti^ they cannot ccTtft the 
' Shock of tfa0 paj^(al^b«toi^ging to tfat,«tbca: £lementiy 
Vvit t la wbco 
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when they meet with them, but are forced at all times 
tQ fuit their Figures to thofe of the Phces through which 
they pafs, and where their Motion carries them, 
f . nh§ Pro- 9. The Firft BUnuni ought alfo to have more Motion 
^%% than either of the other Ju», for though aH the three 
'^' EUtmntSy were at the Beginning equally moved by the 
Firfl Mover, yet it muft aftei^vards happen, that tht firfi 
Element having oftentimes tnet with other Bodies which 
refifted it, and which it could not move, will be refleded 
back, without lofing any of its own Motion ; whereas 
the other Elements cannot meet tliis, but they will move 
it, and ib increafe its Motion by diminifliing their own. 
10. Hew the 10. And fincc the Firji Element is often forced to run 
firft EU' into thofe little Intervals which are between the fmall 
7uire$grtat' Globes of the Seewd Element, it muft neceflarily be, that 
erVtkcity many of its Parts being comprefled, will leave the Pbct 
J*J* ^ where they are, and get forward ; and fo having a Moti- 
"** on compounded of their own Motion, and of that of 
the Parts which follow them and pre(s upon them, they 
will acquire a greater Velocity than the Parts of the Se^ 
cmd Element which force them on. In the iame man- 
ner as the Air contained in a pair of Bellevrs goes out 
with much greater Velocity than the Sides of the Bellows 
approach each other, and which by their approaching, 
puih it, and make it to go out. 
f t. Whymi9 1 1. I would have it obferved by the way, that I mighty 
d» intgw after the Example of Ariftotle, give Names to the thret. 
^jSmm to foiementioned Elements, from t^ Things which partake 
fhtft M/t' ' moft of them : Thus, I might give the Name Ftre to the 
*■"• //Vy? Element, Air to the Secmd, and Earth to the Third. 
But befides, that this would be toad contrary to Order, 
becaufe I have not yet proved, that Fire is for the moft 
' part compoTed of the Firft Element, Air of the Seeond^ 
and Earth of tlie Third j there is yet another Reafon that 
ought to hinder me from doing it, and that is, that I 
fhould give Occaiion- for abufmg them, and for having 
them imderftood in another Senfe that what I intend they 
ihould be. 
i«. 7*4* 12. Perhaps it will be here faid, that Matter -was not 
thefi thru divided in the Beginning as I have fuppofed ; But tho* I 
motTlTiy ^gree it may be fo, this makes nothing againft me j for 
fftfr^. ^ it iignifies very little how Matter«was divided at the Be- 
ginning ; and in what manner ibever it was divided, 
there is no doubt but it is n^w divided into thofe three 
Sorts of Matter which I have defcribed *, it being certain, 
that they ncccflwly -follow fwm «h« Motion and the 
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Divifion of the Parts of Matter which Experience obUges 
us to acknowledge in the Unlverfe. So that the Three 
Elements which I have eftablifhed, ought not to be look^ 
ed upon as imaginary Things -, but on the contrary^ as 
they aievery eafy^to conceive, and 'we fee a ncceflity of 
their Exiftence, (i) we cannot reafonably lay afide the 
Ufe of them, in explaining EfFeAs purely Marterial. 

I 3 CHAP, 
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(l] JTtitnMtt reajinahly Uy afih) 
Thew thru E^emtnti are to be look- 
ed npoo as fictitious and imaginary, 
becaafe tkej depend upoo a P/emtm 
every where, which we have before 
rejeCled. Bat ceocerntog the tnu 
BUmtntt of Nature, the illuftriout 
Ntwton thua txplains himreif. 

Jt.fetmtfrpbaiktome, thaiG^d 
im tbt BtgimniMg firmed Mttttr in 
fiUd, mafffy bard, im^tnorable, mo- 
vtmbU P»rtick%,.of fueh Sixsn #«/ 
Figurtt, and with/uebotbtr Frtfer» 
ths, and infncb Proptrtion to Space, 
at moflemtdaeed to too End fir ifbtcb 
ba finmd tbom } and tbat tbofi Pri* 
mitinfo Partielet Mng SoHd^argiw 
etmpar^ly bardtr than yly paromt 
Mfidi4» €om f 0t nide d of tJem\ oven 
fo very bard, at never H wear ar 
break in Pietet .* No ordinary Power 
boh^ able to divide wbat Cod bim^ 
Jjdf made em in tbe frfi Creafioa. 
irbiie tbe Partielet eeneinne entire, 
fbey may eompofe Bediet of one and^ 
tbojame Natmro and Temure in all 
Jtgtt : ButAonUtbey wear away or 
hroab in Ptecet, tbe Natmro of fbingt 
d^andi^ on ibem, weuU be ebamed* 
Brattr mid Bartb eempofed efoU 
wem Partidet and Pragmemt of 
Partielet, weiddnoibe of tbe fame 
Nature emd Texture mwt wtb wa* 
ter and Eartb eemfofid of entire Par* 
tiekt in tbe Beginning* And^bero' 
fere that Nature may be iajHtgf tbe 
Cbanget ofterfereal tbingt are to be 
ffaeedonfy in tbe varioui 8eparati» 
eat and new A/hciatient andrntient 
of tbefi fermanent Partiette | nai- 
ftmnd Bediet being aft to break, net 
ia tbe midfl ofJeKd ParHchi, but 
wbtre tbcfe Pariietet are laid tegf 
tber, and enfy teucb in afew Peinftt 
Optiehjag 37S. 

^Fiirilier, tmhlni ttA'hi tpMt a^- 
lotfl ihxk to fanagine, that all thdc 
fimriiteg TUms Iq t|i« IMrcrie/ 
•rile iBd were ^tncd out of thoii 
three ElcmaKi of C$rtt9t uA by 


the Motion imprefled upon them ia 
the Beginning, witliout any Inter- 
pofirion afterwards, either of God 
himfeif, or any other iotelli|ant 
Giuie. For according to that Hypo* 
thefis, the Followers o^ C«rfM have 
not fo much as dartd to attempt ex- 
plaining how all Kind of Piantt and 
Aeimal Bodies (which are the prln • 
cipal and moft excellent Part of th!t 
Univerfe) wareatfirft made, and by 
what Laws of Modon they werf 
liamcd How orach betteriloct the 
forementipned admirable Perfon ex* 
l^refs himielf* 

iV'aw alt material Tbingt Jeem to 
bove been ctm^ofid ef tbe bard and 
filid Partielet abevementioned, vari* 
anfy affoeiatedin tbefirfi Creation by 
tbe Conikil of an intelligent Agent, 
Per it became bim wbo created tbem 
tofet tbem in order. And if be did 
ft, *tit unfbilrftfbfceltojeekfiraay 
otber Origin of tboWorii, or to pre* 
tend tbat it migbt arife out ef a 
Cbaos by tbe aMivL^wi of Nature t 
tbeafb being etiet formed^ it am 
eonttnue by tbefe Lerwtfir many A^ 
get* Per wbtleCemett move m very 
oMeemriek Orbs in all Manmr ef Po^ 
f float, hUnd Fate could never make 
all tbe l^anett move one and tbt fame 
werf in Orh cemautritk, fme iuetu* 
Jiderabie Jrrtgularitiei excepted g 
wbicb ma^ bave rifen from the mw 
tuai ABiont of Comett and Phsnett 
upon one anetber, and will be apt te 
infreafe, *tili tbit Sjfiem wautt 
Befomuttiem* Sntb a wonderful U- 
mifirmit^ in tbe Planetary SylUm 
mu/f'be aiiowed tbe BfiB of Cboice, 
And ft majl tbe Uniformity in tbe 
Modiee ^ Ammalt, tbey baviug go* 
nerally a rigbt and a Mt Sidefiafed 
afke, and en eitberSide ef tbeir Bo^ 
diet, twe Lege bebind, and eitber 
twt Armi, or two Lege, or tw9 


/ 


9Fingi be/ore uPm' tbeir Sbouldert, 
and between tbeir SbonUert a Neek * 
runmng dt^wn into a Baekbeae, and 
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(y* fbe Form of ct Hard and of a Uqffid Body^ or 
of Uardnefs a»d IJquidUy^ 

meZX'' Tl^'CAUSE it s by means of our Senfes, that we 
l>7rd^dli' fi"^ ^^^ ^^^ principal Differences obferved in 
^md Bodba. TUng^ ^ 1 think wfe cannbt do better, thdn *tb confult 
' tbem one after another, to find out in what Order the 
Forms of natural Bodies ought to be treated, beginning 
wkh thofe thatdifcover to us the feweft Properties of their 
Cjbjeifb. . And fince the Senfe of Feeling is tlie grofleft 
of ally stnd that which takes up the leaft Compafe of our 
Vicrws, I. will begin my Inquiry with that. Now when 
w^ ma^ke ufe of the Senfe of Feeling, to difcover what 
Sort of Bodies thcy^are which furround us, we obfer^'^c 
that there are fomc which refift the Motion of our Hiands, 
and will not be divided without great Difficulty y on the 
contraty, there are others which do not refift them at' all, 
but are very eafily divided all ways ; the^firft pf thefe we 
call hard Bodies^ and the other liquid B&dies \ and we fay, 
that a Body is fo much the harder, as there is greater Dif- 
ficulty- in dividing it, and another fo much the fQftei:^ as^ 
itM?dtft»lei6, and is divided with greats: eai«. And thofe 
Bodies which are of a middle Sort, betwixt hilard and 
liquid, and which, refid our Feeling,, q(\ tb« Motion, of 
<mx Hand but a little, thefe we call foft: 

M Htad Upon if $ And in th He fid toconfider the WorJdjat\tkt Bo^ 9f 

two Sari, two Eyes, a Nofe, a Gfid, tr tbi,Jt^9>aLP4rt^ therfof^ m^ 

J^outhj^And a tongiitt alihfituuttd* P)irtx of Gid* Hi itau uniform. Mt-*' 

jiJJja t\e^Jirfi Contri'vanct cfjbofe ing^v9td of Organs pMmkn>A Or l^MrU^t 

wery artifctal Parts rf Auitnal%, the mnd tk*yjWi Jks CreaturnfubordinatM . 

Ejes^ Minr^i Brain ^MufcUx, Heart, to him, and fubferwest io . bit f^tiU- 

i-^hgs, .Midriff, Glandt, Laryrw^, . A{^d hehm more the Ztmi-of thtm^ . 

iUndiJVingi, fvfimming B ladder t^ . t^an the So(d\of a B/Un w the Som/' 

iicuuralSf>e£i0des, and other Organs- oftbt. Spefiesofjhit^s carried thro* 

cfS^nf* audMotionj and the InfiinSi . tke^ Orgam of $tnJe,mothe^a(e of ' 

ef Bruges and Injea scan If e the Bf. , bisSeniatiim^,y^rait.pirceivestttm 

feB cf nothing elje than the H'Wm . ^. means tf its. immediate prtfeiKa 

a^djikill of a powerful everlafikg: * ntiitbouttbaXflttrveniionofany tbireL 

Ag^nt^^ who being in all Btofei'i / «^ Things 7h. ^rg^fn^ of ^enfs arg.aac . 

pitreakie, by his f^Ii to mok/a /i«T, for enahlwg^ke&o^ja. perftiva eht^ 

Bodies vfithin bis boundlejs uptform^ Species of rhtngs in its- Su^ibrittOH^ 

S^pioriu ip, . and thereby to form and^ . iitt .0/1^, J^-fifW^Hi *^ thither^ | 

reform the Parts oftbeUnivtrf^Ban. [ and God!baj^,no nedc/.f$cB Org»sUg , 

^e arebyokrPn/itemove the Fart^^^ he being eutry>Vih^re prffent t» thm. 

•fXur^VfnBqdituAnd^elwtannoti^l Thin^i tji^mj^v^^ lj|id».a> 378... 
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%. We obfervc alfo that a Bcyhr, .which i^ih 'tipie..** ^" 
Touch and is witli Difficulty dividedi teeps it Xelf ilfq yy^][f^ 
within its proper Limits^ TpA pj:ereryes its Figujfe^ !vei)4ir arg tBifiun^ 
out wanting a Veflcl to contaia it^. and oil tjbe. ^tl^rj^J'^^^^*]^ 
hand, that a Body which does xiot refift theToucbV'doe^J!,'j[J[^^^! 
not contain it felf within its Limits, but runs and ipread&^c</ir«i tftH- 
about, if it be not put into fome Veffel. Wlierefcffe^'^'^'^"' .;" 
jfrijiotk having given the Name of Dry to a Body whicliu . . '^ { -. r 
is oxitained within its proper XiimitS| and that€ijS4pifir 
to a Body which does not do fo, but wants to |>^ con-; 
tained within the Limits of another ; it follQw$..,tb^t 
the hard Body we are ipeaking of is the fame as. what 
Arijiotle called Dry^ or at leaft a Species of it ^ mi 4^(0: 
that the Liquid is the iame with the Moijiy orat lea^ a 
Species of it. ^ 

J, As AriJlotU has not explained what Dt;yn$p infi 3« A;w^«* 
Mmjintfs confift in, fo neither has he explainwl,. the ^J^^^^ 
Nature of a i&rzr^/ and a liquid Body. But moft of tais^totk^iiMi^ - 
Followers contend, that a Body is Wrf, becaufe it; q^r. ^w^^^^Tf 
prehends a great deal of Matter in a little Coij^pafs, ^^trfstl^jt^ 
that a Body is liquid, becaufe it contains but a little- 
Matter in a great Compais^ ib tbaf they make jFIard- 
nefi to confift in Condenfation, and Liquidnefs m Rare-^ 
feftion* 

4. it is to be obferved, tlml they would be under- 4. Tb^t . 
flood to fpcak here of a Rarefeftion, without the Addi- '*'"' ^Z''"*' 
tion <rf any Matter at all, not fo much as of foreign 7/f^'*j! 
Matter ; and of a Condenfation which does not in the ^fitim. 
leaft fuppofe any Sort of Matter to come- out of the 

Pores of the cqndenfed Bodyj which Thing ar^ di- 
reAty oppplite to what h»s been bdbre eftahlifhed \ 
wherefore it cannot be thought ftrange, if we do not 
agree together as to the Nature of hard and liquid 
&>dies. \ 

5. But if Rare^Aion and Condenfation were made as ^ ^Cwfu- , 
they pretend,^ yet It were eafy to prove that they are 'Sphi^^ 
miflaken in itheir Notion of Hardnefs and Liquidnefs : tbt AriOo- 
For as the producing one Pkoe of white Marfcle, is fuf- *f*"J?''/*' 
ficient; to fliow, ti^t the Nature of Marble does nof ^^ y^j^ 
^nfift in Bk^kAefs^ fo it flmll fufficeto brii\g one Ixi'^fuUofHra- 
ftance of a Body which dilates it felf when ft grows 2[,*'''*rj" 
hard, iii orderto'fliOw diat Haftliie&.dDe§*notxxMriiftun F^f ' 
Condenfation : Thus We fee thit Watef is difcited, when 

it is turned into I<»e» for the Veflels which 0ntained it^ 

• - • I''4 ^ '-. ' • -and 
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. andjuft hdd it, cannot then contain itj (i^ but art many 

times brolcen. ^ 

e^h^ffht ^' ^ kxmw very well, that it will here be anfwered as 

Ariibtcu' ufual,'^ that the Veffefe would not be broken, but for fear 

«u^> at 10 oF a Vaciann: That is, becaufe their Sides approach one 

vliyylgils ^^^^^^ ^^^ ^^^^ ^^y not ^ ^y Space left between 
arthrokm their ODncave Superficies and the Convex Superficies of 
fytbtrr^. the Water which is condenfed. But if this were true, 
it would follow, that all the Glafs Tubes which we ufcd 
in the foremeritioned Experiments, ought alfo to be 
broken, when no Ah* got rrtto the Place out of which 
the Qufckfilver came, whith did not come to pafs, as I 
have oftentimes tried. 
7. jtncthtr *- 7; Add to this, that if Ice were only condenfed Wa- 
Frorf that xtY ; to make for Inftance, a Cubick Foot of Ice, there 
TomienM ^^^ ^ ^o"* ^^^ * Cubick Foot of Water, -and con- 
ff^mur, tfmffequentlya Piece of Ice would weigh more than a Quan- 
^ '' tity of Water of the feme Dimenfions. From whence 
OhTwm^ it follows, according to what has been before demonftra- 
ted, that Ice ought to fink to the Bottom of the Water, 
and not fwim at the Top, as we find it does. 
«. ^n «ar. 8. But fo| the full Conviftion rf thofe who feem to 
#r«^w^ defy all Arguments, and truft only to What they fee, let 
ti^fm them but take a Glafs of the Shape of an inverted Cone 
W-^. or Pyramid, and after having filled it quite full rf Wa- 
ter, expofe it to a great Froft, that the Water may be- 
come Ice ; then if the Glafs holds but half a Pint, we 
fhall fee the Ice rife up about the fixtb Part of an Inch 
above the Mouth of the Glafs, which is (st) a Dilatation 
^ftnfible enough not to doubt of the Fad. 
9. fPhst tb$ 9' This then is a certain Truth, that every Body which 
i^aturt 0/ becomes hard, is not condenfed ; and therefore Ilardneis 
a tardBody jJoes not confift in Condenfation, ndr confequently does 
■ * '«• Liquidnefs confift in Rarefaction ; for as Water is dilated 
by freezing, fo is Ice condensed by thawing. Having 
iS\y}s fufficiently confuted an Opinion which has been fo 
long received, and not thinking it worth while, to Ihow 
how little Foundation there is for other Opinions which 
have been received oiily by a few, I come now to efta- 
bliih my own. And nrft I examine the Appearances of 

(1) S*fieatiitlieFMceQf l^cer {%) A M§UiltmJtmfibU tmugh ) 

^'ng V^ater, dut aoc oaty Bowit Yet it mnftnot be aiflemblcd, tbac 

and Glais Cupf, but alfp large Vef* fomething mly prfllbly be here af^ 

fels of Btaft nA Silver are broken cribe4 t« the • Contrt^'on of tJM 

kf'U- ^ct£itfirim,ji(csd,dti(}iah. Clafi. Set tke Nats on Ch^* %i* 
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a bard aad of zUfiid Body^ and find, th^ the one con- 
tains It felf within its proper Bounds, and the other does 
not : And becauie to be contained within its proper 
Bounds, is the fame Thing as not to be moved ; I con- 
clude, tiiat to he hard, hto hi con^fed ef Particles iuhich 
are (i)fo at reft amm^ tbemfehves^ that their Cenneximand 
Order J is net dijberbed hy aty Matter that nwots between 

them. 


l?l 


(x) So at rtft MfHMg fbtmfckttt) 
Though all hard Bodies have Pafta 
in ibme meaftire at itft> and mapy 
Ilqu'd Bodicf (vie. fiich ai tie made 
liquid by Heat) are nanifeftly very 
nuch aviated ; yec becaqie ibme* 
thing more than the here Reft of the 
Parts ietmt requifite to conftitate 
Hardneft 5 (for a Heap of very fmall 
Sand, whole Ptir tides arc all at reft, 
is not a haid Body j ) and becaufe 
Motion does not ieem always aecef-~ 
Ary to conftitute a liquid Body, (for 
ibme liquid Bodies are very cold ; ) 
I think it therefore worth while to 
add fomething here, to explain this 
Matter more folly. 

FirJI then, 'tetus hear what the 
famous Newton fays, concerning that 
Force by which the primary and na- 
tural indlv!ffi»Ie Corpnfcles of wh'ch 
the Particletof ail Bodies are com- 
pofed, are conneded and cohere to- 
gether. 

Ibe Partt $f all bomgetieal hard 
Bodies nubieb fully toncb out anotber, 
Jlicktogetbervery Jirofigly. Aad for 
etephiuwg bow tbu may be, fome 
bavi inveuted hooked Atoms, wbieb 
is begging tbt ^ueflion i and otbert 
tell us, tbat Bodits are glued togetber 
by Reft, tbat is, by an occilt i^uality 
or ratber by Nothiogi ^ni *tber$ 
tbat tbeyfitck togetber by confpirin^ 
Motbns J / bad ratber infer from 
tbeir Coboffion, tbat tbeir Particles 
attrad one ouotber by Jome Force 
wbicb in immediate ContraB is ex- 
teedingjlrong, at/mail dijtancet per" 
firm% tbe Qbfmicat Oporatsans «- 
bovemenfioned, and rtucbcs tsatfar 
frcm tbe Particles wiib ainfasJibU 
ffftff — N¥B} ifemfound Bodtff are 
f very bard, aswefndfraeoftbem 
tube, and yet are mery formtt, and 
eeajii of Pasts wbieb ate only laid 
togetber, tbejimfle PartiHes wbicb 
sre voidtfPoret, etud were stever yet 
divided, mu/l be mutb bafder. Far 
Jueb bard fartie&s being boa fed up 
togetber,' camftaru toaebene anatber 
«« mm sbmn km P$i»ts, awatben' 


fore mufi be Jeparable by mucb left 
Force tban is reyuifte to break afjh'd 
Particle, wbefi Parts toueb in alt 
toe Spate betvfeen tbem, witboutan^ 
Pores or IrtterBtees to weaken tb^r 
Cohatfiam^ Jutd bom frcb very bard 
Particbt wbicb are only laidttge^ 
tber, and toueb only in a few Pointe, 
canfiick togetber, and tbatjofirmiy 
as tbty do, wit bout tbe jm/laace of . 
fimetting wbicb caufet tbem to ba 
zttxzAfS or preficdtavbards one am* 
tber, is very difficult to conceive-m 
Now tbefetaUtfi Particles of Matter, 
may cobere ^y tbefirongeftAttraBt' 
ens, and compefe oigger Particles of 
weaker Virtue \ and many of tbefi 
may cobere, and compofe bigger Pap" 
tides wboje Virtue is fill weaker s 
jfndfo on, &c« Opdcks Ibid. p«364y 
370. 

It is evident therefore,, that the 
Particles of which the original and 
fmalleft Parts of Matter are compo* 
fedy fttck together and are uoi^, 
not by Re0 (which is really uotbing 
at all) but by mutual AttraBion, 
( See the Notes above on Cbap. xi. 
jirt, I ^. ) And it is minifeft, that 
all Bcd'Ms,fuidzndjolid are equally 
compounded of fuch fort of Particles 
entirely foJid and perfeB/y bard. , 
But that which is next to be enqui- 
red into, is, what the Figure and 
Compofition of the larger Particles 
muft be, in order tbat the Codies 
compofod ef tbem> may be bard or 

liquid, 

Secondfy therefore. That Bcdy, 
whdfie Particles are fo fitted to each 
other, as to touch one another in 
large Superficies^ s, will, by the very 
ftroag mutual Actia^Hon of its Parts^ 
be a very bard Body | and according 
as thole PartsaRerwards either foivcS 
one another only, or arc moreover 
intangled with each other, will the 
Body be nwie or leis brittle, and ca- 
pable of being made liquid by Hcat> 
with more or leis difficulty : At 
he. Wax, Glap, Metals, Bones, 
Weod, «K. ^irdly. 
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10. ^hat 
th» Nature 
ff M liquid 
B^df ton > 


ibim. Whence it fi^Uowsv . tliaX^ a Bbdf is fa muchr tke. 
harder^ as it^.h^ jsiore Pactl wiiicii immaliatelf jtbach 
each other without moving. 

I a On the other Hand; becaufe, not to contain it 
fdf within its proper Bounds^ is the fame Thing as to 
move it felf ; a£id becaufe we omAot conceive any mofe 
e^e(5hial Cau(^ of that Motion which we foe in a li^nd 
Body, than the Motion of its infcnfible {'arts; I there- 
fore conclude, (i) that Liquidnefs confifts in the perpetual 
Agitation if the irtfenfible Parts, of the liquid Body. Thus 
for Exampky when a Gla(s fuU of Water fst upon a 
Table is at reft, though We" cahnot perceive any fenfiUe 

Water will rife in fnA!] fobes o^ 
at both Ciids ill a yaeuum. Aod 
Dro^s cf' Liquors hahging upon a 
hard Body, and juft ready to hW, 
y^ gaUierthedifelves into round Fi- 
gtires in a Faaium : viz by fuch a 
mutual Attra^lion of their Particles > 
as that by which the ^UJhti Mar* 
hiet ftjck together. Further, Thefe 
fluid Bodies, if they have Particlet 
which can cafily be iotangled with 
one another, as 0/7, or fuch as' may 
be made ftiftbyCoId, and faf^ned 
tdgether, as if they had' Wedges put 
between them^ as floater, Aich Bodies 
e&flly grow hard. But if they Havt 
fnch fort of Particles, as can neither 
be inUngled with each otKeryas Air, 
nor made ftjfi' by Cold^ as Slgick- 
JSi'wr, then they cannot by any 
irteans be made to congeal. 

Silbtbijf, IF the Parts of a Body 
be ve^y fmaH, fpherical^and exceed- 
ing denfe, fuch a 8ody may alfo he 
fiuidy aod yet be nHuch btaWer, thaa 
harder Bodiep> whafe particles are 
ndt Co folid, but which touch one 
apother In larger Superfibies* 

NiMljf^ Thofe B diet, whofe 
Particlrs are agitated with a very 
quid- iQtotion all ways, whatever the 
figure of them be, will be Uqu'd^ 
ujketaJi that an Melted^ 4ire. Buc 
fuch ' jEodiea. grow hard, la iboii a» 
that viofent Aotion ceafesi 
. f4^|. *tho{c Bodies, fome of 
wboit^ratticles are intangled with' 
each other^ Ibme of which t^uch on<( 
apoth'efin large Superficiea.and'rome' 
are loale, and will eafilyiiiii undcjr 
c|lch othOt. the^e %xtfixiU%% £f«« 
tkirxwytxfiliiiant as Twigii^ Ciutgf^ 
ilitb, Uc, 

'{\\^tbat Liguidnefi w^\ Sett 

-«> «) vu . w . \ Awalioiii 


nirdfy, ThatBodywhoft Pant- 
deft touch one another in kfi Super - 
Jiciet, and- therefore artf not fo hard, 
may yet be mote fofid j and therefore 
Gold IS heavier than a Diamond, 
tlkm^ not fo bard' 

fnrebly, That Bbdy, whofe Par- 
tJclef,whcnth»-y«Yeeomprdred, ap- 
proacb towards e*cll dthcY, but do not 
pf under one another, Is an eUftiek 
Bbdy, and retomi to its Figure^ by 
that Force which arifes from the 
mutual Attra£Hon of its Parts. 

Fiftbfy, That Body, whofe Par- 
ticles ftp andef each other. Is a fojt 
Body, which yields to the Stroke of 
a l^ammer; 

Sijttbif, That Body, whofe Par- 
ticles touch' oife another in veryfinall 
Sup^fititt , is a erumbUng Body, as 
i^Wflw, (jr furh' whofe Parts may very 
tifHj ht f'p'arHfed I as too toeffpo- 
iijM Marb/et, which flick together 
Hi M. Vacuum, but are pulled alunder 
b^ the lead Shake. 

Seventbfyf If the Parts of a Body, 
either do not touch one another at ail, 
ot at Jcail will vr^^y eaJlJyJlip,^nd ate 
ef ibcft a Bignefs, as to bt eafity agi- 
tated by Heat ; and' the* If eat be Aif • 
£etentto sgitarethemj tho^ perhaps 
it be much iefs' tifan fs ^qiiired to ' 
keep Water ^rom freeaing ; or if 
they be noragitaifed by Modon^^ but 
are only Imatl, rOahdj fllppery, of' 
fach a Figure, and Bignefs, as make 
tUeW very eafly agitated and give 
way-j that li a ifuid'Bodyr And 
yet the Partkleft of fuch fort' of ffo- . 
dfeS' which art' me/I Jfuii^ do in 
lomtr meafure colifcit'together ; as is 
<rtdfent f^romhence^ that ^ickpver 
rtrf well cleared of all Air, wilf 
fttrfd 66 dr^ Inches hi|pi in the" 
iAMafetei- ^«as01d^ce> And' 


Agjtation in it, yetnocwithftaadu^ fcj^fie-ef I^ Paurts- 
are in Motion downward^ md at the fame tinle otheim 
of theni are in Motion upj^ardls, fonle of them movt 
from) the Right to the Left, and ethers fj^om the Left to< 
the Hight i in a Word, there are fiwjic P^rts of. the 
Watei; which move in all. manner of Determinations ; 
whence it follows, that That Body is the.moft liquid, 
whpfq^ ijiienfiUe Part» are. the fmalleft, and the moft. 
^itated» 

II. If what I have now faid of Liquidnefi, be joined "• ^^«' 
to what was before faid concerning Hardnefs, we fliall \f af*^^* 
«ifily conceive that . a y^Bpdy, which, feems to be of a. ^^^/^ ecu- 
ifiiddle Nature betwixt a hard and a liquid Body, and to fifi^ »"• 
partake of them both, is therefore foft, becaufe it is com- 
pofed of tw^vSoits of Parts, the one in feme meafure at 
r£fl^ veA conne£kd with esach other, while the other are 
itk Motim^ and thefd>y caufe^ fome fmall Agitation in the 
former.: 

} 12.. Now that which.confirms me in my Opinion con- "• ^h * 
c^niilg the Nature of hard aiKl liquid Bod^es^ is» that the ^^i f^ 
chief. Properties of thenl^are neceiTarily deduced iromLToMcb, 
th6nc& Add Firft, Suppofe the Nature of a hard Body 
t9 confift in what I have iaid, it follows from thence^ 
thsLtif piij/i be with difficukj divided: For, for Inlbuice^ 
if It put mf Finger, to any of its IRuts, I ought to feef 
the Refiihiiice, not only of thofe Parts whkh- 1 touch,. 
b|it ^fi) pf aU thofe Parts whii^h.are behind them i and 
many timfcs it is much eaiier to movetfae whok hard Bo^' 
dy, fhsin tafeptoate one Part from it^ becaufe the reft of , ^';;. 
the Body hte a ftcottl^r Cbtmedtion- with, and t» moi^ at * • ^ 
reft, with refpeft to this. Pact, than the neighbouring- 
Bodies have with the whole Body. 

rj, OiT the contrary; fuppofe the Natiire of a \\c^\d 13. jrhy ^ 
Body to Gonfifl' in what I have faid, it follows from thence *{'f«'^-^*'r 
that a Liquid muji be very, eaftly divided^ And. indeed if ^/]^^* ^'^ 
I put my Finger to it any way, it meets w^th iio Re- 
iift^e J for thofe few infenfible Parts, which my Finger' 
touch, being in Motion alieady, are very ready to<[uit*> 
their Pkce ; neither are they fupported, fir hlndred by; 
tie Refiftance of tliofe wJbioh are beyond, which ^e alio. 
in^QOtttinual: Motiony and therefore eaiUy* yields to tilem^' 
and open a PafTa^ for fliem all'ways, / 

' 14. What I have advanced conc^niag tijevhTatuie <>f^ J,tii/Si>f 
a%faaid mid of ^liquid Bddy^is fHIi ftirtherconfifmed from^tfrf^r^/^rvei 
hence, that all the Conf^ences that can be diawn from «»«^':"^?'» 
it, help to explain fome Experiment, which perhaps it ^'',/*// 

• • "would bard B9df. 
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would be impoffibk to explain without it. And firft, if 
we confider that fome Bodies aie eafiljr altered, only by 
difturbing the Order of their Parts, and that every Thing 
endeavours as much as it can to continue in that State in 
which it is, and confequentiy that which is once at reft, 
will never begin of it felf to move ; it will not bedifE- 
cult to find out a very ealy way iopreferve a hard Bodf 
a very bng tinUj viz. ly inckfing it in anther bard Body ; 
whofe Parts being at reft among themfelves, can make 
no Impreilion upon it, and are moreover a Guard upon 
it, againft the Aflault of any external Caufes which might 
tend to corrupt it. And thus we fee that Salt, Sugar, 
and Metals, are pxeferved by being thus incl<^ in Imrd 
Bodies. 

15. oftb§ 15. On the other hand, it is eafy to forefee, that the 
ytrtut tf contrary ought to happen, if hard B^ies he put into Li- 
Jffihlltr^ f*i^s : For the Parts of Liquors being ( i } in continual 
latn B9diis. Agitation, they may eafily tojhake and nufve the Parts of 

hard Bodies, as to force them out of their Places, and 
carry them along with them. And thus we find it by 
Experience, in all hard Bodies that can be alteied, as in 
Sugar and Salts, which are diffipated and fink to ^ 
Bottom of the Water almoft in a Moment j iiWbmuch^ 
that if we throw a Pound of Sugar into a great Tub of 
Water, it will intirely di£ippear in a Ihort time ; and the 
Parts of it, (2) will alio be fo diilipated, and fpread a- 
mongft all thk Drops of Water, that there will not be 
one of them but what is impr^nated with it. 

16. wky a r6. And fince hard Bodies may be compofed of Parts 
MJfMfdnt of diffkrent Bigneffisy as well as liquid Bodies, it is eafy to 
TaXl7X ^Wic^^» ^^^ ^'^^^ '^^y ^ ^**^ * Liquor as will car^ 

Uum Btdni* 

(1} J» nmitutmi j^ifstun) See gtt stftr sfiindir, at the Slg^ntie^ 

the Notes upon Arf • 91 9/ H^afer tn wbieb tbn foai^ wtU 

{%) WiU mlfi h ihjfil^i) The s/iew f And does not tbu Ewdeatfomr 

ilkftrioiis Ntwtcm tkm csprefles <»/{y. tbst thty bow a refui/^t 

hlmielf apoD tUs Subjed ia his Ftrcthy tobicbtieyfyJrmnmiMw 

Optkks, p* 36a. If a very fm4ii tber, or ai i$s/l, tbat tbtjf ottraB 

^antitf of aajt ^^ ^ Vitrfl be tbe WaUr i See the Note(> on Chap. 

di^ohftd in m grtst i^MWiity ^fWa* iL } mor% firmgh ibau tbey dk mw 

fir; tb* Partith* if tbt SmU pt autibtrf For Jt Tkit^t fikend m 

yitriol vtiU mijlnk n tbo Bottom, Wattr, wbicb an Ufiattraned tban 

tboagb tboy bo boavier 10 Speeio tbam Heater by tberravtrating Power ^ 

tbe fVater, bm vHi nwr^ difije tbe Bartb\fl att tbe Partklit of 

tbtmjetvet tmto ail tb» Wattr^ f at SaU tobubjloat ia fFaterp aad ar^ 

tomakt it at faliae at tbe f^ at at hfi attraffod tban Water byaayaaa 

tbe Bottom, jSml doet mot tbit im^y. Particle of Sak, wn^ recede from 

\ tbat tbe Partt of tbe Salt or yi-* tbat Partitk, aid give mty to tbe 

j triol recede from oae anofber, and more atfraffid fFattf^ 

atdeamoitrto tftpand tbtmfeivtt, and 

• kit 

! . .. ■ rr 
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ry away with it wly fime certain Parts ef a hard Body^ 
and that others will not be dtjplacid by it. Thus Water will 
onlf wafh off the fineft Parts of Liquorifb^ and leave the 
f rofler ones at reft with each other. 

17. It may alfo fo happen in hard Bodies^ that the Parts ly , of the 
^ihim which are pretty near equals may yet be fo folid ; >e^«*^ 
and 6n the contrary, all the Parts of a certain Liquor ^^f^^ 
may be fo fmall^ that the Parts of the hard Body will ' 

not be at all moved by them, as they would be by the 
proffer Vzrts of another Liquor ; which doubtlels is the 
Rcafon why commmWater^ will not diflblve Siher^ and 
why jfqua hrtisj which the Chynufts cM Spirit of-Nitre; 
{i) win eafily dtffi^ef tV, but is too weak to diflMve Gold. 

18. However, k is not only the Groffhefs of the Parts iS. Whf 
of any Liquid, which renders it capable of feparating the ^^ »*^ 
Parts of a hard Body ; the Pores which are between the r^^^i^^ 
Parts of a hard Body, do alfo contribute towards it : For 

they may be of fuch a Figure, and alio fo fmaU, that the 
Parts of the Liquid cannot penetrate them ^ from whence 
we may conclude, that the Parts of the Salts of which 
jfqua regia is madfe, aire ptrt together in fuch a manner, 
as to compofe Bodies (2) too grofe to enter the Pores of 
Silver, and fo only Aiding by them, they can neither go 
in, nor divide the Parts : Wherefore it is not to be won-' 
dred at, if this Water will not diflblve Siher^ though it 
diffohcs Gold. 

19. It 

(f ) ffnH t0jffy ^jfilve it) Coo- jifua fwtit wh'ch cafily difToIvc^ 

.cerning the dilTolving of MetaJs tke Iron or Silver^ will not d ffohc CM 

ikme celebrated Peribn fays thuv, at sH 5 the Reafon of which }s, be* 

^^tm jiqws forth J t Spirit ^ caofe its Particles, which are more 

Vttrifl found wfon Filmgt of Jron^ ftrongly attraAcd by the ParticJes .of 

dijohnt tho FUingt with a gnat IfonQt Silvtr than by one another^ 

Heat and BhuUitioa^ it not tb't Hoot .are 00 the other hand more ftrongly 

and Bhulhtiou dfoBtd iy a ^oUnt attra^ed by one another than \fi the 

Motion of tho Farts, and ' dptt not Particles of Qold* The contrary to 

that Motion arine, that the acid which we are to underAand of that 

. Fartt of the Liquor rujh tcwardt the Force by which Gold U diflblved Xo 

Parts of the Metal with violence, and Aqua re^ia* 

mn forcibly inte its Pons, till they . (i) Too grofs to enter) Mr, Cletc 

'ga between its utmiS Particles, and in his PhyfiAs, B^ok lU Ctap, j>, 

ibo main Mafs of the Metal, and Seff. 24.. contendt 00 diecoatraryy 

fnrronnJsng thtje Particles , /oofin that tho Parts of Aqva re^, art 

them from the main Majs and fit fharftr and /waller than thofe of 

them at liberty to fioat ojf inft the Aqo* forfis, and then/ore can enter 

tFitterf And when tho actd Par ' tbeveryfrnaTl Pores of Cold only, and 

'tides, whith ahne would difiil with feParste its Parts, whiet like H^edges 

an eaff Heat, will not feparate from thty drive from one another, whilfi 

'thePartiebs of the Metals, witbont the grojfer ones move about tho Suj. 

'mnHryvsJknt Boat, does not this con* perficiee of the Gold to va farfofs, 

firm tho AttraOioM between them t thejf not being able to dijjolvo tho c«^. 

Oydcpi^ ^ |5Si Now thlt fame tinutty of iti btcaufe they cannot en* 

* ' ' ter 


12$ : R0£[AUL^4 Sy&T'm PanI, 

*2;7*f ^' 19. It 1$ from the €o(ifidentton of the ^iS^te^ Pro- 

tt^f^^^ pertia of the fcvcial Sotts. of jffua/^frtisj Uvit the; Jftefi. 

frm Silver. Jiers of Gold h^ve Jatel)r found put .« wsqr ff 4(99fatuig 

G^A/ from &'/i;#r mixed with it ; T^ whole Secret pf winch 

coofifts ia putting tbe Mafs compofed of /?4^^^4 ^^7- 

v€r into A^fortis^ which will diflbjye the ^ii^unr.jCM^ > 

for tbea ita iVts will be brov^t 4>ul i>y tbofe^ of ^the 

Liquid, till the pure QoU wf 11 remain like Sand cf jDi^ 

at the Bottom of the Veflel j lb that by ioclinii^ it^gQ^itr 

ily, and pouring the Aqua firth inla another .VffTd^ it 

will carry the fr/9^ along with it, W leave .^Gs/ff 

at the Bottom : After this, tbey.fepfcate the Siiwr bt^ 

the Aqua fortis in the following masmeir i they, ^piic a 

Quafitity of common Water to the Aq^q fortis^, tpunake 

it left corrofive, and then put jip a Piece of Cqiyi^f, a^aft 

which the Particles of Silver bsougbt out by tb^ Xniqi^d 

ftriking, they aie fto^ped by it ^ in the fame vaaifxaiu as 

Duft flying about the Room is ftc^ped, by the Hangings 

or any other Furniture which is (oft^ or as a Stonp fticl^ 

* when it is caft into a Mortar. The GJd and the.^^ir 

being thus feparated from one another in Dufl, may each 

of them be melted in a Crucible^ and then made diftinft 

Mafles of. . , 

so. Wbftu 20. It may here be asked,, why the fmall P^des •of 

^f's^T ^^^*® andMetaU, fwim.thus in all t)ie Parts of cwucnan 

^icb mre Water Or Aquafortis indifferently, and whence it isi, that 

beawtr than they <io not fmk to the Bottom of the Veffels ? For this 

WaUr^ do ' 

mot fink in ttr itt Pont- And a|aia^ Seft. aS. fays, lie does not confina fcy any 

''• He ikji, Thit from tbe Wxture of Ar^ment!^ or Reiibiit,^ nnlels it be 

many Saltt, tbe Parti of tbe A<{fUL tliii, that Silver jCxmitn have htfcer 

regU become [mailer, and more fitted Pores than Gold^becanft it is Kght^ ; 

to enter tbe fmalUft Pores , andjefa* %ut from the kaown Propertiet cf 

rate tbefmott^ Parts, between wbicb i^rtr, iti hardn^liy Iboblblieftp &>• 

tbey are driven like fTedges, by ibe tre may with much greater Prob«« 

Motion of tbe Liquid in wbieb tbey bilf ty collet, that it coofiftv ef ftnaK 

fvfim 5 but wben tbey enter into wider let PartJdet, Ind theicfort hai fm«}» 

Poret, tbey bave no Effea ; in tbe let Pores, thdogh more of them ; 

fame mannir at tbe Foree of H^odgu But thatOold off tbe coa. 

to fiparate Tbings jiuned togttber, ii trary, coDfiffs of * Ur- • See Pert 

neebtng unfefe tbey be driven into ger Partldea or Ltimpt> HI. Chap. 

fireigbt PiQures. Since tbereforetbe and fo hai la^g^ Poiea, vi. Act ^|, 

Poret of Gold are tbe fmalUH of any but Auch fe*er, An4 

Mgtal, tbey wilt admit the Parti, as to the Nature of tbe Liquids^ \ 

cletof Atjua regia only, and eBegrof Aoold think, Uiat the Parts of the 

fer Partt of Aqua fortis cannot enter Afua regia , would become not 

into them. Now tbe f me Parti of fmaUer, but larger 1^ the Mixture 

Aqua regia are toofubtle to have of many Salts. But all this depends. 

Strength enough to remtve tbe Sidet as was faid before, not fo much op- 

•f tbe Porei of other Metal t ^for on the Bignefs and Figure ef the 

tbey soant tbe grojfer Parts of Aqqa Pores, as upon th^ difi^r^t Aitraetl- 

fotritwbicbfiltand divide the larger oq gf thc Partt* ' 
^•m, Th« far h^ ; |bi»^ wh»t he 


ftould ima to jfeltow from what . wa$ before demonftra-^ 
tod i9Di»!Qfifoiog faftrdfociies fwimming in Liquids, becaufe 
every iHurfide iof SsdtorMetfd is hnvier dian an cqiidi 
M9^ pf^ hkfM in wbicih it fwims. Howevtr, it is 
t0'be:obft]iv^4 tbsi^^lien we rea^p^ed ia.tfaat Aumner^ 
9ve eocfidcred .4;?/^ ii« Gr^viiy ^f thiJbixrd Bodj^f and tbi 
ffaJSof^i^ikrLJpdfl 1$ b^ dhfiM ; iwe did not tben know 
of the{i) Motion of the Particles of fht Ufdd^ Vy wlucfa 
4toy caf ry up^. \^tb them as cmy Particles of Salt or Me- 
rits wauU df^ft^nd by their own Weigbt ; inthelame . 
ftts^mer 9s the fiufaUiiig 14) of new Wine^ makes other 
Bodies '^hich. are hc^vSer, fwim, asd not fink to the Bot^ ' 

ft)m of the Tjub ; irbeit -we fee that -they do at laft fub* . 
iide^And coinpofe the Lees, when thb Mbdon, which it 
99»ter dban the ordinary Motion of the Liqtdd^ oeafes. 
Ta which 04^y he uddcid, that the Paitides of the difr 
lolved Body are in fcivie fltieafkire intan^ed with lliafe of 
4i^ Liquid, which they gp along .with; whkh ihows us 
more particularly that this hinders them fcom being abde 
t»fixik> 

. 21, And that which j^ remarktble here, is, tihat as the ti. rh^ 
Pmtidb of the Lapud we fimte, and tte Force by %'^^. ,• 
vhicb they are agitated is limited ; it imift neccflarily fo!^ l^aurwiM 
}ffW.9 that when they l^ye oiMse Jaid hdU of as many Par«- ^ifih;* wrj^ 
liclcs as tfjey can contain, they cannot after that ie|amte l^^^J",^ 
^my more, nor oyerconaie.the JReftftance of the icmaining TiMr^Mj. 
Partiqies which are st jc^ft ; wherefore the.hard Body will 
J)e W &rthi^ diflolvjed. And thus we find by Experi* 
«nce, ia common Watei! smAApia fmis, that they will 
iilfRire hut a certain detecminate Quantity of Saks or 
Metals. Thus, for Example, . if, afte^ a.Pint of xo^omon 
Water hasdlfTolved a certain Quantity of Salt, one Grain 
only be put ih, it will cdntinoc whofe itC the* Water,' as 
it Would dp iii a diy. Pl^ce. , . • - 

aa* And from hence it folk>w$, that if after a Liquid 9%. JXm»rW 
has feparated all that it can from • a hardBody', it be eva- ^/''-^''j*' 
porat^ to a certain Quantity > that' wjaicjj reiwiaips wiJl cA^^i^i 1, 
-not he able to contain all tiie Particles of thedifC^lvetinudu 
Body, wherefore many of them wiU be fprpeJ to unife 
together, apd to compofe fomething fenfijbk ; And thus* 
it is, that if Water be boiled, having iirft been ftrain^ 
ed like Lye , through Earth charged with I^IItre a^ 

much as it can be, aud then taken off fron>.the Fire, 

» "I 

(1) The Motifm pf P articles) Not by their Motion, lot by thc& Attrairf- 
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and perinitted to fettle a little, a great many Panicles of 

the Salt-peter which are difingag^ from the Particles of 

the Water, will ceafe to move, and ftriking maayof 

them together agaxnft the Concave Sides of the Vettd, 

will at iaft compofe (i) thofe curious Bodies in die Form 

of Hexagons, which we fee ftick there. And in the fame 

. manner we mav apprehend, how all the other Cbrifta&» 

zations of the Chymifts are made. 

^%.7hattbe 23. Though a artain ^antitf of anjf Liquid^ will dif- 

^biAwH ^"^y^ ^^^ ^ determinate Quantity rf a certain hard BeJfyj 

not 4ijf9b0« yet this does not hinder, but that other hard Bodies may 

•nt ctrtain be diffolved by the fame Liquid ; becaufe their Particles 

fjfi-fwi// "^y ^ ^ ^"^" * F^rc, as to fuit with the Partides of 

ya dijfokfi the Body already dtfiiJved, in fuch a manner, as may oc- 

^^hii ^^^° lofxt^ diifimilar Particles, to move with greater 

snotbtrSsrt. £^^^ ^j^^ ^j^ fimilar Ones could move. And thus Ex* 

perience (hows us, that after Water has diflblved as much 
Salt as it can, it wOl yet diflSdve a fmall Quantity of Vi- 
triol or Alum. 
24. Ban tbt 24. If a Body be put into a Liquor, to whofe Parti- 

fhU'^'Ibt *^ *^ ^^^ "*^^^ ^*7 ^^^ itklfj than to thofe of ano» 
Chymfit h ther Body which it had before diflblved ; and fuppofing alio 
*^^* that it cannot comprehend thefe two Sorts of Particles 
together (2) it muft be foited to let go the Particles which 
it had before embraced, which will confequently fubfide 
to theBottomof the VdTel, Thusif a little of that dif- 
folved Salt, which Chymifb call Oil ef Tartar^ be poured 
upon Aqua fttrtis which befoie had diflblved Silver, the 
Metal will ^ forced to fubfide to the Bottom of the 
Veflel. And this Inftance ihows us theReafonof all the 
Precipitates of the Chymifts^ 


(i) tboft turhmt Baiiet)Cot^otm* 

hg whkh the ■dminble Perfoa be- 

ftttedtedj fayithus, fFhengiy fulint 

« Liptvr is evapormttd to d Cuticie, and 

ht eooif tkt Salt eoneretts into regnlt^ 

Figmrts ; wbitb argtut, that tb« Par" 

tidit oftbo Salt brfontbty eonereted, 

Jloattd in tbt Liqmor at equal Diftan* 

€t» in Radk and File, and by can" 

fifuinee, tbat tb^ aSed upon one tf- 

ttBtber byjome Powtr, wbicb at eanal 

J)ijianut ii tfual, at anefual Di/tan- 

tat unefuaL For by fueb a Power 

SbtyyvtU rangi tbtmfJvtt mniformfy, 

mad Vfitbemt it^ tbey wtt faat irre» 

tuitrfy, and c«»ne togetbtr irregnhtr^ , 


{%) h mufi he forced to let go) U 
fuch a Body be put into Aich a Sort 
of Liquor, th«t the Particles of the 
Liquor will be more ftrongly at* 
tra6tal by the Particles of this Body « 
than by the Particles of that Bodly 
which was diflblved in it before> the 
Partides of the Uquor being Ifythk 
ftronger Attradion reoioved from 
the firft Body to this other, will iaf« 
ftT the Particles of the firft Body to 
fiak to the Bottom^ in the lame 
maQiier u Iron ia ieptrated from a 
Loadftofie, by potting a ftronger 
Lotdft9net«it. 
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25. We muft not here omit another CirtwMsLtict^S^Btn^ 
very confiderable, and that is, :that the Paiticles of /tt« ^^^/f "^^^^ 
Liquors may be of fuch a Bignefe and Figure^ as toi ih^gefher, may 
tande one anothei- when they meet together, and fowiovfc a^^^T 
with more difficulty ; whence it follows, that they S?«riH "' ^ ^* * 
compofe One Boefy which is not fa liquid: So likewife^ if 

the Particles of the two Liquors adjuft themfelves to each 
other, fo that the greateft Part of them are hindfed from 
moving, then all the Particles together i^illform a Body 
fretty hard. Thus we fee, that if ah equal Quantity of 
Spirits of Wine and Spirits of Urine, each of which Li- 
quors are very fluid, bcjnixed together, they will unite 
into a pr§tty hard Bo^. 

26. We may add tp what has been faid about the Mix- **'j^ * 
ture of different Liquors,that there may be found ^«^,which ^^ t^j/pi^ 
is compofed pf fuch fort of Particles, that fome of them •/* Uptid 
being much larger than others, they cannot continue their **• •"S'« 
Motion, but by means of the fmaller ones 5 fo that if 

thcfe be anyway difingaged, the Weight of the -other 
alone, or the Irregularity of their Figure, will make them 
continue at reft with each other, and according as they 
are more or left clofely united together, they will compow 
a B$dy more or lefs hard: And this is the Reafon why fome 
of tli Particles of K^ilk or Blood curdle, while others 
Vhich are more proper to continue their Motion, being 
difingaged from thefe,. compofe a Serum, which remains 
Sauid. And this is alfo the Reafon why, in fubterraneous 
Caves, which they call dropping Caves, certain liquid Drops 
which diftill ffom the Roofs harden into Stone, after they 
have been a little while in the open Air. 

27. Having fufficiently fhown by thefe Experiments, ^^9//^^ 
that the Particles of liquid Bodies arc in continual Agita- Lj^Jid^fu 
tion, we are to enquire next, what the efficient Caufe^f 

this Motion is, firft, in Water and other fuch like Li- 
quids, which feldom grow hard, but more particularly 
in Air, which never hardens, but always remains li- 
quid. Wherefore in the' firft Place it is reafonablc to 
think, that the * Figures of the Particles of Liquids are ^j^J[^ pf^^'^^ 
not altered, fo long as we cannot perceive any kind of Al- ^l^[ cond-' 
teration in them : But fiirther, becaufe they cannot move nuaiiy aiter- 
with regard to each other, as they ought to do, to com- ^^J^'^ no 
pofe a Liquid, without leaving a great many Interflices need of fubtil 
round them ; which there being ( i ) no Reafon to think Matter to 
empty, they muft neceffarily be furrounded by fome Mat- J"j,^\^ej[' 

. .(i) No na/M tt think Mif^) See the Motet on Chap« viu. Art< a< 

Vot. I. K ^ 


[ 


130 


ROHAULTs System 


Part I. 




ter which is very fubtle^ fuch as that which we before 
caJled the Fifft or Second Element. And'as the P^prtides 
of hard Bodies diflblved in any Liquid, are kejlt in Mo- 
tion by the Particles of this Liquid ; fo we ought to think, 
that the Particles of Water, and of all Bodies which do 
not congeal, but always remain liquid, are in perpetu^ 
Agitation, becaufe they fwim in the Matter of the Firji 
and Second Element. 
^%,H(wLi' 28. If this Matter be very much agitated, it is eafy to 

^*e ^H' c®^^'^^ ^^^^ ^* ^^y n^ove the Particles of the Liquid 
vafora . .^ ^^^^ ^ manner, as to diffipate them from each other, 

and make them fly into the Air, and this is called Eiia- 
poration. 

29. On the other hand, if this Motion be very iaint, or 
if it be more than ordinarily fubtil, it will fdilow, that 
it will not be capable of preferving the Liquidnefe of fome 
grofier Bodies ; in the fame manner as we fee the Water 
running amongft Bulrufhes, k^eps them in Motion, and 
diftinifl from each orfier, v/hereas in the Air, they are 
confiifed and mixed together, without any Motion; (i) 
and thus the Water h frozen in Winter, and turned into 
Ice. But we cannot (how a Reaibn why this happens at one 
Time of the Year, rather than at another, till we come 
to know fomething more of the Syftem of the World. 

30. Why 30. If the Difpofition of the Particles of a Body b^ 
^ ^hft^* fuch, as to leave Pores between them large enough to re- 
hefiretbey ccivc the groffcr Matter of the Firft and Second Elements, 
hecomc li' this Matter may fhake the Particles a little, before it quite 
^•'** feparates them, and moves. them from each other, and 

confequently the Body ought to grow fifty before it becomes 
liquid^ ias we fee ff^ax does. 

31. W^o- 31, But if the Pores of a hard Body are fo fmall, that 
"hu^mU^id ^^y ^^ "^^^ fubtilMatter of all can pafs through them, 
vuithout in this Cafe, that which is more grofe, and v/hich is alone 
imviriifoft. able to fhake thofe Particles which make the leaft Re- 

fiftance to it, can only apply it felf to the Superficies of 
the Body ; whence it follows, that it will have diflblved 


(i) And thai the Water) Since nei- 
ther the Force it freeaes with, is 
iiiways propoft-on'd to the Cold> but 
feemt to have iomt Dependance up- 
on other Chaoge« in the Heavens ^ 
nor is the Co]d, unlefs fo hx as it it 
merely comparative {Stt the Notet 
M Chap, xxUi* Art. 54^) owing to 
the Particles Being at Reft ; nor cab 
Hacineif it U\f (^tf tbt Notet m 


Art. 9. of thit Chap.) arife from the 
mere Reft of the Partrcles : Con- 
gealing maft oeceflari y be afcribed 
e>ther to nitrous Pai tides ^ or to the 
Particles of ibme other Salts, which 
like Wedges fixed between the Par. 
ticies of Water, join them together 
and make them cohere : However 
there is hitherto nothing certain feun4 
out concerning thefeF4rt;ciet> 

all 
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all ^e external Parts of the Body, before it makes any 
Alten^on* within it. And fo fetch a Body mil be entire- 
ly (Uffhlved withmt being made feifl^ as -we we find, he 
does *. 

32, It is not at all fiirprizing^ that Water, wliich is li- 3** ^^, . 
quid, fliouW Mm a great many hard Bodies which it pe- d^tPU^a 
netrates ^d mflolves, and that, when k is mixed with of Pariu 
Plaifter of Paris, for Example, there ihould arife a Com- 
pofition pretty liquid : But it is very furpri2iing, that af- 
terwards it flkould aoquiie a Hardnefs which it would ne^ 
ver have had without mixing Water with it, which one 
would think, (hould rather help to foften, than to harden it. 
Nor can we think, that this arifes from a fudden Evapo- 
lation of the Parts, of the Water ; for if it be t^hed 
when it is liquid, and weighed again when it is grown hard, 
we cannot perceive that it has loft any of its Weight. My 
Opinion concerning the Matter is this ; that the Fire has 
formed a great many Pores in the Piaiihsr, of fuch a Big- 
nefs, as the grofibr Particles of the Air cannot pcaoetrate, 
becaufe they are not folid enough to remove the Obfta- 
des they qleet with, which the Particles of the Water, . 
which are more folid and penetrating, are able to do. 
Wherefore, when the Plaifter is moiftned with, or put 
into fuch a Quaxuity of Water only, as is fufficient to 
furround every Grain or Lump of it ; and after that they 
come to be ftirred up together, then the Particles of tl« 
Water which force themfelves into the Pores, lik^ fo 
many imall Wedges opening and fplitting them, divide 
thefe Grains into ftill fmaller Parcels. And becaufe thefe 
Parcels have a larger Surface than the Grains had befoi:^, 
of which they are but the Duft, it is more than the War 
ter is able to furround. Infomuch, that the greateft part 
of them touching one another dofe, and continuing at 
reft, it is no wonder (i) if they compofe a hard Body. 

Vo L. I. K 2 33, From 


^ The true Caofe why feme Bo- 
diet glow ioft before they mek, and 
othetfl nor, icemt to be thb 3 that 
th' ti Bodies which grow roft> are 
complied of diflimilar Parta, fome 
of which melt fooner than thole they 
are mixed with* 

{i) If tbty empcfe a bsrd Body) 
MuLe CUrc attacks oar Author here 
with threeArguments itih\%PbifJickSf 
Book V. Chap. xiy. Stff. ^5. Firfi, 
iays he^ ^bit Anfwer does mt agrtt 
wtb s Mafi made up of Meal and 
Wattrkmadid timber, a»d b$M\ 


and other fucb tike Thingt that might 
be infianced in. But caa any Thing 
be more evident, than that the £v^» 
poration of the Water produces the 
iame EfLtCt in Bread, as the DiiTolu- 
tioos of the Lumps in Plaifter of 
Paris ? For though not all, yet ccr* 
taioly fome of the Water is difTol- 
▼cd into Vapours, in 'proportion P 
the Heat , wherefore the external 
Part of theBread is much harder than 
the Internal. Secondly y He ^VI^*J^« 
does notOyow why thei^artitkt offra*. 
terfo dti/idcS touch one another cfofe^ 

int 
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not bMrdeu 
Lime, 


33. From hence we draw thfe Confequence, that M 
the Plaiflei fee put into fuch a Quantity of Water as is 
iufficient to furround all the fmall Partrcks which the 
Lumps are divided into, they will be hindred from reft- 
iJig, and fo tbe Plaifter will not grow hard at all'; and 
thus the Afajins find it by Experience, and^ this h 
what they mean, tirhen they fay theit Pkiller is 
drowned, 

34« Notwithifa^ding this, it is not to be wohdered at, il 
these be fame Bodies which the Water will divide,'and yet 
not at ail help to unite and harden their Parts into ^one 
Ma&, as it does thofe of Plaifterof Paris; forittae P;^r- 
ticlesof thefe Bodies may be of fuch a Figure, as fearce 
to touch one another at ail, and fo cannot unite together 
to compofe one Whole: Tex which it may i)e further ad- 
ded, that the Water has fo tjtiick a Motion within ibmt 
Bodies, that it difperfes v£ry much the. di&nhed Par- 
ticles ; and by this means the Pores and Intervals, which 
are between them, ^become ib large, that the Air has 
Power to get in, and hinder fuch Particte^'from touching 
one another. And thisis. the Reafon why Xi/^<?, which 
is divided by Water, does not however become hard liice 
Plaifterof Paris : For. if a Piece of Lime, which has been 
wetted with a little Water, be divided without meddling 


But he does cxprefsly /how thts in 

thcfc Wrrds. And lecaufe tbefe Par- 

tickt have a larger Surface tb^n'tbe 

Graim bad bt fore ^ of tvbUb rbt/fi are 

jbut tbe Oufi * it it more tban tbe 

JVatir il able t9 furr'^und l Infc^ 

'mucb that the grenttfi Payt of tbem 

-fHUbing Me amtber cUJcy ice. Whstc 

cpo!d have been r^id m-.n; exprefs ?. 

But (I fuppofe) this Ic urned Gentle. 

maoy when he tri^nflited thSPace 

intoX^rfff> being not very ?r*rnciv:?, 

overlooks the connc^ive F-r.;o.>, 

fays. 


ar pi 
krft, 
Con- 


telUment pte. 'iLitd'y y He 
7>tff bf lupp'^i Harinrfi to 
'^ jrom immediate C^ntaSl and 
tahicb KUe ba*ve before orfat^d, 
rerntng this, See tbe I^ot^i on Art, 
tbt ^tb of tbii Ciap» Having thug 
tonfuted the Opinion of our Author^ 
the learnt Otfwlenian conj<dur«, 
• < "fbat tke Particles offVater nvbv b 
<< di^chfe tbe gt^fer L^mpt of tbe 
«« flaifteTy mrt fo fixed into tbt Iff. 
'* fer Partiifei, at, iike Weigtt to 
*' pin many *f tbem tSgetber, and fo 
** ciKpofe a m7r: fiiiJ'Mafi,** -ptc 


if the Pufts of,tbe, PJt^if^t vraft be 
kept together by Wedges, it feemi 
m' th trore probarile, that the burnt 
Parts (for the PlaJl^er it made of 
St(.ne half burut) yrowipf a ilttJe 
hot, by the W^ier b^ing poured on 
It, dra^ the volatile Sals cut of the 
Pjris which are not burnt, which 
Pai tides of the Salts being ^ed iH 
the Poies of the Plaifter, keep its 
Psrts tcgethcr: For the fliff Partfcles 
of^'alt, i'ecm much more pioperto 
perfoim the Office of Wrd|ies, than 
the Imber »nd flexible Parts of Wa- 
ter But indeed, Plaifter of Pari*, 
< lay, and foch kind of Ded^es, do 
therefore grow hard in th:8 manBcr, 
boanfe the Water in evapor»trng, fo 
Attr^fls their Parts to each other, 
wh'ch before d'd not touch one ano- 
ther, that afterwards toucbir^ cne 
another iii larger Superficies, thty 
cohere together by that mutual At- 
t ration, which depends upon imme- 
diate C^nta^. Set tbe JNetti «n Art. 
tbe ^tb of tbii<iJ^* 

with 
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. with it, the Duft into which it diffolves it felf, is of two 
or three times as* much Bulk as it was before. 

35. When the Water penetrates the Pores of certain ^^^^'^'^ 
Bodies which it carinot entirely divide j it is evident, that /i/jp^f and 
it will ftop for fome time ; becaufe it muft lofe its Mo-'SectuJSfe- 
tion, by iWking againft the Particles which it touches : ^'.flJJ'' 
But it is otherwife with the Matter of the Firji and Second p^rtttfbard 
Element i when it pafles through the Pores of hard Bo- Bodie$. 
dies : For as thefe Pores, as fmall as they are, are formed 

by its continual paffing through them, fo it leaves them 
big enough always to mid aPaffage through, without ever 
being flopped. 

36. However, it is to be obfcrved, that by bending ^'^-^^^tU 
hard Body, fuch, for Examplcj as t|ie Blade of a Sword, yX^kKi^! 
the Particles vnll be made to expand thetpfelves on the tvftbfSt- 
Convex Side, andtocontraft themfelves on the Concave •**'^''^'**' 
Side, fo that its Pores will becojne fmaller and ilteighter t'^^bmery 
on this Side ; but this ought not to hinder the Matter oifmMtiPoret' 
the Firft or Second Element from entring in, becaufe '^•**''*^'* 
being very fine, and moving very quick, it ought rather 

to alter its own Figure and become longer, or to wear in 
pieces the Matter which ftreightens it, than to be hin- 
dred in its PafTage ; and fo the Pores will not be flopped 
up by it. 

37; But becaufe the fubtH Matter which pafTes through i^* ^'^ 
the Pores which are (b very fmall, cannot endeavour t'^]prin^ng 
wear the Particles of the hard Body through which r^batkconfiftt 
paffes, but it muft at the fame time endeavour to reftore '* 
the fkme Particles to the State they were in before the 
Body was bent ; it follows, that this oXight to make the 
Body grow ftreight again.' And thus we experience the 
Property which is called Stiffnefs^ and which Workmen 
call {i)the Power of Springing, 

38. Hovrcver, this Property ought not to be found in -jS. Wbyit 
all Sorts of hard Bodies indifferently 5 becaufe there are 'l^^J^f^ 
fome, ^ whofe Porep are fo large, that though they be i?o«fc«i. 
ftreightened by bending the Bodies, yet they will be flill 

(1) tbt^vviitr 9f swinging) Since Bat if the P^rts of tke B64^ flip^ 

this fubtU Matter, as was bslore pro- under ooe aaoUiet, tlieft the Body is, 

ved. Is only fi^tiou's» it is much of tl^ac Surt, which will yield to the 

more probab'e, that if a Bjdy be Stroke of a Hammer \ But ciDn«. 

compouiidf d of foch Sort of Particles, cerniag the L^ws of the OoflMnaai- 

that it be comfaff, and bend* •rjitldi cation of Morally in fuch Bottles as 

inward to Frejppn witbont any Jlu . have a Power tf fpringing hack, or 

dingofitt Parti, it ii bard andiiaf. are Bli^ici, at<thcy oU it, when 

fidtf returning to itt Figure nvitb a they meet others, with certain Forces* 

Forte arijingfrom tbe mutual Attrac Ute tkt Netet tn Cbaf. xi. Art, 6* 
iiMt/'iriParf I. Newt. Opt* p. 370. 

K 3 wide , 
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wide enough to give a free Pai&^e to the fubtil Matter. 
Thus we can perceive by our Senfes, that the Parts of Steel 
wliich is not tempered, are larger, and confequently the 
Pores wider, than thofe of tempered Steel ; whence it ia 
eafy to apprehend that the Pores may be ftreightned, with- 
out hindring a free Paffage of the fubtil ]mtter through 
them J whence it follows, that when it is bent, it will not 
fpring back again. 
39. WT^ a 29. Now to Ihow, that the Power of Springing confifc 
wS i^^irely in the fmallnefi of the Pores of a hard Bodv ;. let 
jUJt.bj^inz US conflder, that if a Plate of untempered Steel, be Wten 
^ottn^^ubcu upon an Anvil when it is cold, it will acquire a Power 
u w Qo ^^ Springing which it had not before. But it is manifeft, 
that this Beating does nothing elfe but make the Parts ap- 
proach nearer one another, and by this Means ftreightens 
the Pores : whence it follows, that herein confifts thi* 
Pov^er. 
40 flow thii 40. It may further be obferved, that if a Spring be held 
V^r"^^^ bent a long time, without being allowed to recover it 
' *^* felf, tlie fubtil Matter will be forced to alter its Figure 
by growing longer, if it be not able to wear in pieces the 
Matter of the hard Body : or if it he^ the Pores will grow 
bigger and bigger, fo as that the Matter of the Firfl: and 
Second Element may pafs freely through them ; and this 
, is the Reafon why the Body ought to lofe the Power of 
recovering it felf, in proportion as it is capable of being, 
woj^n J which agrees with Experience. 
41. Wbenct 41. The Force with which a Body unbends it felf, de~ 
^wia>^Zbhh P^^^^ partly upon the Swiftnefs of the Motion of the Juhtil 
a spring Matter y and partly upon the great Number of Pores through 
unbends it i^huh it paffes at a timi : But it depioids chiefly upon 
Jel/, arifes, ^^^ Difpoftton ofthefe Pores as they become infenfiblyjfreighter 
andjireigbter. For by this means, that which gets into 
tliem ought to have the fame Force, and to produce the 
fame EfFeft, as a Body which paffes between two others 
whofe Superficies are almoft parallel. Now according to 
the Laws of Mechanicks, though the Body which thus 
pafles between two others be yery fmall, and moves but 
flowly, it will notwithftanding, have an incredible Force 
to Separate thofe two from each other. - 
j^z^Wby Ag%> When the fubtil Matter begins to remove the 
* .ff^e Btdiei Parts of the Body which arc in its way, it has tlieir whofe 
^'''■^^^'^/^Refiftance to overcome, and alfo Tome of the Refiftancc 
Jehei. ^* ^^e furrounding Bodies : Now becaufe every Thing 
endeavours of it felf to continue in that State in which it 
o:icc is, and therefore the Bodies wJuch have received a 

certain 
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certain Motion, continue of themfelves in that Molina ; 
this fubtil K&tier cannot continue to impell them, but it 
muft ineiieaie tih^ir Motion i and it may k happefi, thajt; 
by its impelling and moving tlnem in this mtanner» it may 
fo £ir divide the Plaitides of the Body, through whicjt Hi. 
pk^, from each other, as entirely ^to iepanite and bre^ 
them ; efpeciaUy if the Body be bridle. 

43. Now in order to underfland how it is, ths^t ;fome A-v ^^^' 
Bodies will bmd without bieaking, ^d that w the ^^'^ jfji^*^'/,'. 
trary, others will very eafily break : it is to be ck>&tv^'lfj,^, o/a' 
that the Texture of fome may b^ fuch, that their P^r- ^0^ ^wfiM 
ttcies may be. intermixed with each other, like the Rijogs'** 

of a Chain, or the Threads of which a Cord is compo^ 
fed. Now it is eafy to conceive, that thefe Bodies may 
be wound ievecal times round without breaking, becau4 
their Partides are fo hooked together, that they may be 
bent any way. On the other hand, there may be Bo^es 
which are not of fuch a complicated Texture, which are 
hard only, becaufe their Particles touch one another in a 
few Places : Whence it follows, that one cannot fer 
parate them ever {o little, but their whole Continuity 
will be deftroyed \ and the& are what we call brktU 
Bodies. . ' 

44. Leather may ferve for an Inftance of a linther Bo« 44. Why tin 
dy, that is, of a Body that will bend without breaking; £^^^"* 
and Glal^, on the other hand, for an Inftance pf a briHU TmAtr B9dy 
Bodv ; that i^, one that wiQ break before it will bend^ bnah, is 
And there will be no doubt, but that the LiaAemefs of^l^j^^J^ 
the one, and the Brittlenefs c^ the other, confifts in what 7batoj a 

1 have feid ; if we confider dae Pkce where a Piece of ^ffU Body 
dry Leather is pulled afunder, and the Place where a Piece ^^ fi^f^^ 
dl Glafi is broken : For the Leather appears unequal, and 
as it were untwifted, which is an evident Sign, that the 
Partkks which are at the End of one Part, entered in 
between the Particles which are at the End of the other 
Part ^ and on the contrary, the Breach of the Glafsa{^}ear5 
very well poliihed, whidi is a Sign, that the Particles of 
one of its Pieces, touched the Particles of the other Piece 
only, without entering in between them, 

45. If Glafs which is very brittle, have very large 45. ^^^ 
Pores on one Side of its Superficies, and which grow lefs Giaffnmto^ 
and lefs towards the other Side ; there cannot enter into ^^f/jj- T 
thefe large Pores, fubtil Matter enough to fill them, but wivl!»/I*-* 
that by continuing its Motion very quick towards the '"g^ntddUd 
ftreighter Parts of the Pores, it muft wholly difunite the **"'*' 
Parts. Now when a Drinking-glais, which isjuft made, 
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gniws cold oh a fudden ; it is impoffiUe but that the 
rhttA muft be larger where the Glafs is thickeft ; becaufe^ 
the Heatj which dilate Bodies, continues longer here than 
in the ether Parts : Wherefore the fubtil Matter which 
otters into theft larg^ Poits, going on fwiftiy-, and with 
gieat Force ( i) muft break the GlaTs in the Places where 
the Pores are fenfibty lefs. And this to commonly hap- 
' pens, that it is fOmething ftrange, if a hundred Glafib 
be expbfed to the Air as foon as they are made,\ if one of. 
them efcape without bieaking. ^ 

4«. 7#Afii. ' 46. The Glsrfs-makcrs have a Way to |««rent this In^ 
4trGiaffes convenieJKe, by putting the new-made Gtai&s into, the 
Ceahnt! ArCh of the Furnace, where they are rem<h^ed by little 
andiitde out of the Flamei, fo as not to get above the 
Space of nine or toi Foot, in fix Hours time^ and then 
they 2»e expofed to the open Air ; and fo all the P«rts 
growing iidetiiibly Cold, the one as well 9s, the other, 
the Pores become equally ftreight every whttre» and the 
fubtil Matter which can enter into one of them, can run 
frwn thence freely, through fdl other Parts of the Gia6 
where the Paffi^ are equally open. - . 
47. A fur. /^rj. What we have now £ud concerning the Caufe of - 
fritungPro' Glaflcs being broken aa it were of tbemfelves, opens a. 
^Vf^Drop. Way for us to expkiif a kind of a Miracle in Nature, 
which was lately difcovered and brought hith^ from 
Tab! iiL Hdland^ and which has travelled through all the Uni^ 
Fig' 5* verities of Ewr$pe^ where it ha& raifbd the Curiofity^ and 
confounded the Reaibn of the greateft Part of the. Phi<^ 
loibphers. It is a kind of a Drop of thick Glafs, and fuch 
as the Glafs- Windows are made of, near the ^im^ Shape 
and Bigneft as defcribed in the F^re» It is entirely Sg^< 
lid, except perhaps we may fometimes fee a itfp fmaU* 
Bubbles of Air in the thickeft Part of it, as at D, where^ 
it. viitt-. bear pretty hard Blows of a Hammer withouC 
breaking. And yet, if the Itttk End of it be broken oft* 
any where near B, the whole Body will burft jn Pieces^ 
with a Noife ; and we fhall fee it fcatter it ifelf ^U rQU|)d»^ 

(T) Muft break the Glafs) But '\t hqTy)fe4 Piec^. Hence the Chymi ft «, 
n? y h'3 (ancl it *s more I'ke'y) that Ve/Tcls are joften broJce. Hence ihcy 

' the C^ld; by ftopping the Mition- who cnt Dnhk-nj-tSiilRs into Spu 
of iixmt/Af the : Pars on a' fudden^!- nil,. firib jput/^, fed hul lion ii^ar 
u.'hiJft the re^ »re in gr«al Moiipn, ..them, »nd then p^ur co'd Water on 

■ breaks VtrfTcis made of Glafj Fof the Part of the Glafs which is hrate«|. 
tha^ almbi^ aH' BodTe<; are broken \y And hence Drinking-Ghifea are re* 
this Atnequal. Mutton of their. Pirts: ported to be broken oqiy by .the 
HrMce 9 Tile by one Blow ourlis a- Vo.cvj benairu them. 


^'unoiir many" times inio ivfo or '.hrc c 


and* 
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and t^ a good difiance, in a Powder^ which though V€nr ' 
AnaU, hfB its Parts cracked in (o many Places, that it 
is eaSy to divide them by preffing them betti^een one's 
l^iAgers i which may be done without any Danger of 
priding them, as there is, if we fliauld handle a piece 
of Giau fo, after it is powdered in a Moftar. 

48. To &y the Truth ; this Pi&4r»M«Mmi is lb fingular, 4S' ^/ '^ 
that it is no wonder it fliouid at fixft Sight furprize us. cXfirf^ thi 
Bat if we eonfider it moie cidely, it is eafy to obferve, uiim^f 
that there is nothii^ dfe appears,^ but only die beal Mo- if! ^^2^^ 
tim of tfaa Parte rf the Body, which are carried from '^^ 
the Center to the Circumference : Now as we cannot 
conceive how a Body fhould begin to move of it felf, 
'Urithoitf being put in Motion by another Body which 

was in Motion before ; fe it is eafy to imagine, that the - 
icattering about of the Particles of the Glafi^dropy is 
owing to fome Matter, which getting into its Pores, prefles 
upoii them and divides them, in the fame manner as we 
fee a Wedge when it is driven into a Body with greatt 
Force and Velocity, fplits it, and feparates the P«ts from 
each other. And there is no Doubt atall, but that this 
is the fiune Mattel which breaks theGlafles in the Glafe- . 
Houie^ when they are fufiered'to cool too loon. 

49. Now in order to undorfiand how this Drtf could 4.9. M%«r 
acquire a Difpofition proper to produce this Effisft, there *^ t^rtieu- 
is Rcafon to gwcfc, that the Workman, who makes a Sc- i/^5^f " 
cietof it, hs»a Way of coaling it all at once, by dipping ^«rf« 9/ rAi 
it when it is very hot into fome Sort of Liquor, which ^'^ ^^ 
hinders it from breaking in pieces : For we fee by £x- '^ 
perience^ that Glafs which is fo cooled in Water, breaks 

into fmall Pieces. But be this Liquor-what it iidll, it is 
certain, that the Parts of the Drip^ which are neareft 
the Sudbce, cool firft, and bv comnlunicating their Mo- 
tion to this Liquor, \ok wnat they had before, which 
kept them at a little diftance from each other ; and fo 
they are condenfed, and contraft their Pores, and fit 
them to the fineft Parts of the fubtil Matter, which prc- 
ferves its PafTs^ through them. ' But this is not the 
Cafe of the internal Parts of the Dropy which not being 
cooled till after the other, cannot contiaA themfdves fo, 
bec^ufe thofe other being grown hard, and diipoftd Itke 
an Arch, do not at all prefs upon them \ fo that the 
Pores which are amongft the Parts neareft the Middle, are 
large, and grow lets and lefs as they coi^ie towards the 
Superficies. And this being allowed, thejce is a plain 
Reafon for what c^u&s fo great Admiration. 

50. It 
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5S. That 
thiy ought 
mt to kftak 
•f them- 


50. That ii jQ^ It is no wonder that the Drop will bear the Motrs 
^bl^Bh^iof^^ a Hanuner, becauife it is thick enough for that : 
mHammr. For Other PiccGs of Glals of the fame Bi^efs will do 
the Uk?. ' 

51. It ia aifo nuoiifeft, t^at they oi^t not to hr&ik 

of themfelves, as the foremttitioned Ghfles io^ becaufe 

the fiibtH Matter which paflfes through them, finds as 

free a Pafisgs to come out, as mcnttx in. 

52. Bho it S^* ^^^ when the little End is broken oflF near ^ 

fijn m place Imacked B, we can therefee very large PSfes into- 

^'^^^ which the hrger Particles of the fobtil Afotter efitring in 

a great C^umtity, and continuing to move from thence 

very fwiftiy, towanls every part of the Superficies, where 

the Pores giow ftreighter ; dbey canned but (i) ieparate 

eyery way the Parts of the Glafs, and fo divide them 

ijlito that Powder whkh we fee; 

si^fFbyit 53. This Tinith is cxxKBrmed by obfetving, Fiift, 

dott net Tbat the £xti€mity of all, wiiioh is at A, is lo (mail, 

piHt$ wbem ^^ *^ ^^^ ^ '^ fenfible difierence in co^ng be- 
ti^w^End tween the infide alul the ouifule, fo that the PoM there 
of all is are of an equal Bigneis throughout. Wherefore if the 
End be hsohm off thereabouts^ this will not ^ve kave 
to the fubtil Matter to let in its groCkr Particles, any 
m6ce than if it vmtt not broken at all, and confequently 
the Dridp ought ilot to burft in Pieces 3 as by £xt>eri- 
ence we£nd it does not. 

54. :Fuitber^ if one of thefe Glafs Drops be made red 

^^ hot in the Fire, and then fuffered to cool (lowly, its 

agaifi^o^Z Pores wdlLthen- become very near equal, in like manner, 

tojofiiti as Workmen neal Steel. After which, if the End rf 

the Drop be bioken cS any where, becauie diere can no 

fubtil Matter enter in, but fuch as can go eut on all 

Sides with as great Safe as ft entred in, therefore the 

Drop {%) ought tmt to burft in Pieces at all j which aftfb 

we find true by Experience. 


broken tff, 
T»b. III. 
Fig. 5' 


544. Thai 
^ben featin 


y^rtue of 
burfting a" 
Jundir* 


(i) St^araie every- W0jf) Becanfe 
Ghfs is a pody which bai a Pow<r 
of Springing, his probable, that this 
Olaft Drop is broke in the fame 
manner » as a Steel Bpv horfts in 
|)icces fomct;mes,when it i« loofened 
on a fiidden j vix. by the tco great 
Celerity and Force of that Motion 
*?hich arilcs fr*>m the mutniJ At- 
tradlion of its Parti?. For its Parts 
from the Center to the Circumfe 
rente, feon to be like fo many 


Bows beitt. And ^ence perhaps it ia^ 
thnt after it ia bnrft in Pieces, its 

fiHiires are difpofed like fo many 
Radii drawn from the Axis to the 
Superficies, as Mv. ffonAokiierftAin 
a GUIs Drop covered over with 
Gloe. See Book^M Micrcgrapby^ 
Objero» 'j'tbt 

(2 ) Ought not to burfi in piecoi) 
For the fame Reafon, that there is 
no danger of breaking' a Bow when 
it is graduaiJy ioofened. 
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55. Laftly^ To confirm, what has been faid of the In^ 55*. Som 
equality of the Pores which are in the Middle, and thpfc !J^ -^"/^f *y 
near the Superficies in thefe Sort of DrtfpSy I carried thjpee LapitUntt. 

! of them to thisce diferent Lapidaries : The firft of them. T*^* ^^* 
i ordered to cut thei>r^ which I gave him, with Pow- ^*^* ^* 
der of Diamond about the Place C. I ordered the; Se- 
cond to drill a Hole in his, with the iame Powder about 
I>, and I ordered the Third to put his upon the Wheel, 
supid grind it plain at £, with Powder of £mery : Now 
after thefe three Workmen began feparately to work up* 
on them with as much Caution as they dp upo^ Pearls or 
Stoats of a great Value, and had ground with theie 
Powders as much off from the Drops as amounted to 
the Thicknefs of a French Two-pence, which I reckon' 
IS as far as the fmall Pores reach, \ ialw each of them 
burft in pieces as ufiial, to the ' great furprize of tb& 
Workmen, who did not at all exped any fuch Thing, 

56. But to return now to the Conilderation of Liquids. 56. Of tm% 
I obferve firft. That if thev be-all reduced to two Specie8^>^'>*' . 
the one comfM^ending all thofe which we call thin^ ^ndx^J^^*'" 
the other, all thofe which we call^, it will not be dif- 
ficult to determine what their principal Difference cqn- . .. 
filb in« For finc« the former is very eafy to evaporate^ 

but the Latter evaporates wi^ great jpifiicuky, we can- 
ne( but .thiiik, ^ thstt the Particles of the one, muft be of 
V6iy fit^le Figures to be able to 4ifingage themielves 
f|fO^ each other, andtheParticl^ of the other, of more 
attapgUng Figures, fomething like Branches of Txees9 
l}y wliich they hold each other together, 

57. And this is confirmed from hence, that if a Vef^ 57' *^ 
felfull of thin JJguerb^to inclined, as to. pour it out^j^'*"^ 
flowly, the Liquor will runabout, and divide it felf into ,^^0^ «> 

ySL gre^t jtoany diftinfl: Drops ; wher^ if it be: a fat Li- ^fP^I^ '» 
^dr, it will go on in a long Thread, whofe Parts are /^'* 
unintemipted. 

58. This being fuppofed, we (hall not think it at all 5<* ^ 
ftrangej ttat Qilor Air is fo hard to mix with Water ^^"Jjf^fl^jJ 
The Reafon of which i?, becauie the Particles of thefe eoietbtn 
Liquors MiHte together much eafier than they do with the 
Particles of the other : Whence it isy that if Water and 

Oil put into the fame Veflel, be fo ihaked up together, 
that they feem to compofe but one Liquor, they cannot 
continue fo long, before the Particles of the Oil which 
meet each other, will entangle themfelves, fo as to com- 
pofe feveral Drops, which becauie of their Lightnefs, rife 
up, at the fame time that the Particles of the Water, whofe 

Motion 
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Motion caufes theQi alio to meet, join together likewill 

and compofe other Drops which fink downwaitk: Ar 

this is the Rfcafon why thefe two Liquors entirely clc 

themfelves of each other, and become diftinA, the oi 

at the Top, and the other at the Bottom; 

IJl^wi'o/ 59' I^*s worth obferving, that the Drops of Liquor 

•mUpior which Jwim in a hrge ^antity of other Liquors whtt 

vbieb/wim fhey wtU not mix wiihj are all round like Balls. Th 

LiM^^n c2""^ot ^ perceived in Drops of Rain as they fell m i\ 

round/ Airi^by reafon of the Swiftnelsof their Fall; on th 


\ ^ 


contrary, they ought rather to appear long, fo, as ^ 

fhould take them .for fmall Columns ; for the fame Re 

fon that a lighted Torch moved quick, appears like 

long Train of Fire. A better Way then for us to t&b 

in order to fee i!f the- Drops of Water which fwim i 

the Air be round, is to put a little Water into the Ho 

low of one's Hand, and to throw it up into the Air, j 

bout the Hei^t of our Eyes ; for then it will divi<fe 

Mf into a great many fmall Drops, Which b^nmng- 

defeend very (lowty, give the Spefbatoit an Opporiunil 

of obferving th^ir Figure. 

60. 7h$ 0* ' 60. This Phanomenon has always been obferved, and 

ftMumcfthi Reaibnfor it attempted to be given, by faying, that tl 

^t ^^^ Parts of the fame Liquor have a mutual Ajfeition for ea^ 

ing tb9 other ; whence follows a Defireef uniting togaber^ whi^ 

fw«*w/f •/ cannot be done perfefliy, hut by compofing^^ E^I ; f 

'T '* if they compofed any other Figure, thofe Parts whi« 

werertioft dtftant from the Center, would tend towar 

it with a greater Force than thofe which are nearer it, ai 

confequenthr make them give way, and remove back ti 

they are all equally placoi about the Oentisr, and fa b 

come round; 

6r. A Cm- ' 6l. Bttt becaufe thcfe Words, ^eStion and Do/ire hs:^ 

futatim of no Meaning, that we can apprehend, unlefethey be afci 

?^ AriV '^ ^^ Subjefts which are capable of Knowledge ; thcr 

iottOiaiu. fore we cannot apply them to the Parts of Water, wit] 

out fpeaking very improperly and oMcurdyr Whercfoi 

thefe are fo far from explaining a Thing which ought 

be very eafy, (for we are only inquiring into the Figure 

a Body ;) that they perplex it with Terms which havei 

dear and diilin^l Signification when applied to fuch Su 

jefts. Further, let this Defire of uniting be explained ho 

it will, it is very abfard to afcribe it to Subie^ whi^ 

feem naturally to be fitted to dif^unitefrom each other ^ b 

caufe Nature has made them io capable of dif-uxuting. 

62. ; 


Chap* 22. of NaTUR AL PHILOSbPHY. 141 

62« In order then to find out the Caufe why the Drdps ^s- ptat 
0f Liquors vvhicb fwim in: other Liquors are round, we^^J^ 
muft ^kcep this Truth inr our Minds: l^hat every Thifif ^i^peiud 
gndeavmrs^ as miuhasfit can^ to cvntinui in thai StaUy in ^' ^f tbt 
nvbiib it once is ; aridiconfequentljr, that which is once in ~^^' 
Motion, wtxild conttnoe to move wkb die'fune DkeT'- defcribe tb« 
minatim withinrfaich it began, that is> acoofding to what ^'^amfi^ 
waabefarelaid, inthe'fiune ftreightLine. Thus, ifthec^V^i* 
Body A^ for Example, Is moved along lint Line AB, it ftreigbt 
is detebmned at the Begifming of this Motbn< to go to- tiTcrJ!^ 
wank Ci and. it will never of it fdf tehdto gp towards /^^'^* 
^ tt towaoids D. However, if when the Body: is come i^rger cir- 
to By it meets^with any Obflacle there, it may turn out ^J^^JT, 
Of the Line BC and go. in fome other Line. But be- fm^i^. "^ 
.canfe it is forced cut, it follows, that it will go as little Tab. ixu 
nut as itcan, that is, when it quits the Line AB at the ^'^' ^* 
Point B9 it will tend to move in a Line which will make 
the kaft An^e that can be conceived with the Line BC. 
And becaufe the Line BD does not miUcefoimalI.an An- 
gle with die Line BC aa BE does, we cannot but think, 
tint the Body A tends rather to move in the Line BE 
than in the Line BD. And becaoife the Circumference 
of a Circle, of which BC is the Tangent, makes a lefs 
Angle with BC than any Angle comprehended betwixt 
.two^Areight Lines i we muft conclude, that the Body A, 
when it is arrived at the Point B, will refift turning into 
the Circumference of a Circle lefs than into any {height 
Line. Laftly, becaufe it is certain, that the Circum- 
ference of a great Circle makes a leis Angle with its 
Tangent; th^ the Circumference of a fmall Circle does 
with its Tangent, we muft alfo conclude, tliat the Bo- 
dy A^ when it is arrived at the Point B, where it is 
forced to turn out of its Way, will refift ftill lefe, the 
dcfcribing the largei* CirCumfei'ence BG, than the fmal- 
ieroneBF. 

' 6j. This' beingfo ; if the Particles which compofe a ^3-^'*« 
Drop of Liquor, and which are hindred from going on j^,2j^# «r» 
in their Motion, by the Liquor which furrounds* them, berMs^ 
compared to the Body A ; and all that has been faid of 
the Body, which made Refiftance to it at 3, be applied to 
the Particles of the furrounding Liquor,' which do not 
make fo great Refiftance, but that they can retire back 
a little ; we conclude, that the Particles of the Drop, do 
gradually remove thofe iiirrounding Particles which get 
within the Sphaerical Superficies which the Drop may be 

com- 
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CMiprefaended under : AndJidcaure^i) ffae Woiil is fu 
and the PattidcB which am mnorod out ^. their Plau 
Jnve no wheietd go, without removing as ma&fothe 
thejr niuft neoeffinrily be driven to thofe angular Paitt 
the Diop'whidi utt without chat (phsrical Superficii 
and !b the Drdj[> itritl of it felf beooine of ajXMn4 Figo 
thteigh the fiKvounding Liquor contributed nothing i 
to it, but ohly notitfilKng k at all : But UccaufetheP 
ticiek of thii Liquor, ane moie hindred fioni.icqitftinu 
their Motiim lA a ftmght Line, by the aagidu: PttU 
the Dvop, than by the others which am nearer tbfeJGen 
it is evident, that they muft force thdm towards the C 
ter, and at the (ante time make thefe. other ccmove 1 
ther d! from ii (2) And in this minner thefanbwUl 
Liquor conl^ibut^ as an efficient Cau fe , towards tnal 
the Drop rouiid "Nay, we m^ aifinn, that it does 
greaeeft Part<xiwafds it, if, all other Thihgaieiligid 
this be moved with the greateft Celerity. 
X)t> V^L ^f • ®°^ it is to be obferved, that there ate two Th 
^fup^ requinsd ih order to make Experience agree with thisr 
forttdytrngbt monftrarion * The Fiift i^, That the furroundhig Li< 
rt Aea bttk ^ ^^ ^^y^ ^^^ ufualty^igitaited by any external F03 
and Secondly, That the Di-opsbe not any way fuppoi 
at leaft, when they are of any oonfiderable Bignefs ; 
then their Wei^, which is fuperior to the Cauiie w 
makes them round, will make them a littk Hat, ifo 
they will be round only in that Fart which is paraU 
the Hol-izoh. As we fee by Experience in Drojf 

{t) The ir<trU iiJuU) Seethe that the Ptrta of the iotlofed 

i^otes on Chap^ ▼iii. muft g»Uier themielireg iuit 

(1) jfnd in tbi% manner) A Per- Form of e Globe, when the 

tion of any Ltquor, indofed in ano- be }e»ft prefled upon. Aw 

ther Liquor* jwhieh k does aot mix they.wiU ilo^ if there weije n 

.with, will preferve its Figare, what* Thing at Attraction* But <ii 

ever it be, without Any Alteration, Drops of Water and of oth 

if the Parts of the furrounding Li- qaors, gather themfelves into i 

qiiOr be at reft> with refpec^ to each -Figure, ia a ^«»»Mii,as Well a 

other* See Newt Princif. Book U. inclor<»i in aoy Liquor y the 

prop* 20. Cor» ^tb. But if the of this ought by all meana to 

Parts of the.rnrrQttMUng.LiqHor be cribedtothemutnalAttraiiflioa 

^ fi^gitatedj the inclofed Drop muft ne- there is betwixt the ParU 

ccfTarily be comprciTed inio a globu- anii the fame L:qaor* {Set tb 

lar Figure. For lince the Superfi* onCbap. xi. Art, ?<•) For tb 

C!es ot any other Figure is greater of every Fluid affe&a rogmd . 

than that of a Glebe, and therefote bjf tbe wntual AttraQion ^ 

rxpofed t6 more Attacks from the Parti : In :be fame manner 

Parts with vfh\iki it does not mix, Gtohe 9f tbe Earth and the 

com qg upoaiton ailSides; aad.be- feSi a r ootid Figure, 6y the 

cRufe whatever is prefTed up3B on all Attra£ii»n of jts Parti by G 

Sides, retires thtther where it may Newt* Opticks^ pag. 570* 
be leaft prefied upon i it it evident^ 
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Water which reft upon -fudi Leaves of Herbs as diey wiM 
not wet^ and in thole piutjifpon ^ dufty Table i as.aUa in 
I>ro^ of Oil or melted Greafe iwimming on Water^ 
whicfa ind^ are not rounds but only on that Side which 
is level with the Ho.r!Wn, for on the other Sides, they 
are flatter in proportion to their Bigneis and Weight. 

65. Tfaislaft Obfervation ought to be undqiteod only 65* ^y 5 
itjxm Suppofition, tfiat ^ Things elfe aie alike. For it ^AK^tr 
is not at aQ impoffible, but that of two Drops of different art mre 
Liqupv6, that wiuch is the moft heavy, m^y be the '^*"'^^^^» . 
jrounddl:, prpvided it be alfo the fm^lefi: : The Reafon ^^^ :; 
of which is, that all the Particles of the Liquor which 
farroonds the Diop, do not bdp to make it roond, but 

thofe only which are applied to the Surface of it ; the 
reft, which enter into the Pores, help rather to diffipate 
it. Wherefore a Drop, which is fmaller and heavier, 
having its Pores lefs, and perhaps a lefs Quantity of them 
than the other, which is larger and lighter ; has alfo its 
iSurface more continued, and confequently gives more 
Opportunity to the Caufe, which makes it round, «to 
work upon It, and lefs to that which would dii&pate it» ^ . 
Thus we iee, that a Drop of Quicklilver is always moit 
round than a Drop of Water a little lighter. 

66. On the contrary } SpiritsofWine, being very light, ^e.fFbmee 
muft have fo many Pores, and the Superficies of it mufl ^^^/f ? 
be fo interrupted, that there can be but a very few Par- spirit rf 
tides of the Air applied to it to make it round, the ^^^*^*V 
greateft part of them pafs through it, and tend to diifi- ^^'1^^. 
pate it \ alfo this is a Liquor, which it is very difficult to*- 
diflinguifh into Drops, as may be tried, by putting a lit- 
tle of it into our Hand and throwing it up into the Air ; 

fcr if it be well re£fifiedy it will not fall down in Drops,^ 
as Water does, but it will be fo diffipated by the Air, 
that none of it will appear fenfibly on the Ground. So 
alfo if it be thrown upon a dufty Table, it will not gather 
into round Drops, but fpread it felf about, and mix 
with the other Bodies which it meets with ; nay, even 
with Soot it felf, which Water will not moiften. 

67. Having thus fhown what kind of Superficies that ^7* '^■^.i. 
which is comn^on to two Liquors, the one inclofed in the momenjomt 
other, is ; it may not be amifs to ftop a little, and examine Bodie% and 
what fort of Superficies that ought to be, which is between ^^^ *'*'"• 
two Liquors, the one contained in a VefTel, and the other 

not: But becaufe there'^may be fome Difference in this, 
according as , the VefTel will be wetted or not wetted by 
the Liquor contained in it 5 it is to be obferved, that a * 

Liquor 
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Liquor therefore wets a hard Bodjj becaufe it ihimed 

iitdy Jfuches its Superficies ; and that another Liquor do 

not wet it, becaufe it does not immediately touch i 

Superficies i but there is room left for the fubtil Matt 

to pals between the concave Superficies of the one, ai 

the convex Superficies of the other. 

6S. Tbae 68. This being fappofed ; we conclude firfl, that if 

'/* of^^ ^^^ ^^^^ Giafs, whole upper Edge is of an equal Hdg 

»'attr^t»a all round, be ^;ftfi5?i^//fe</,with Water, the Surface of t 

:**«« Gfaft Water will be perfectly lev^l and plain j becaufe the A 

5t*^^W. ^^^^ touches it, does not prefs more upoaone Part th 

' upon another. 

64. 7bdt 69. But if the Glals be not full of Water, the Sup< 

ihi Sn^fi' ficies ought to be Concave; (i) becaufe the Air whi 

^'Xir^r ^"^ i^ at the Mouth of the Glafs, and circulates abo 

moiUwit a the Glafs and the Water, as if they were one continu 

JiiT^^ Thing, cannot fo eafily turn to niove along the interr 

Lw^^'tbt Superficies of the Glais, as continue its Motion in t 

Oiaftitz^ Middle: From whence, being to go but ^gain at t 

"t h fii ^^*^t** o^ ^^ Glafs, it defcrifes a Curve in a contra 

Fk.'?. Pofition, to what it did when it enteted in, miicfa t 

fame as is defcribed in the Figure ; fb that the Wat 

is prefled more in the Middle than on the Sides, and co 

fequently mufl rife towards the Sides. 

70. J9n^9 70. Experience would perfeftly agree with this Re 
tkeCoitc*oe foning, were it not that as the mofl convenient Moti< 
f^jl^^ for the Air is in a Circle, it fhould feem,' that it oug 
rwA to bend the Surface of the Water into the Form of 

Concave Sphere, which yet it does not do ; For t 
Surface of the Water is curved only towards the Sid< 
and is perfeftly level in die Middle. But the Reafon 
plain 'y for if the Glafs be laige, a gieat Quantity 
Water mufl be raifed up to make the Curvature fo co 
venient, as the Water requires, which it is certain 
refifted by its Weight. 

71. 7bat 71* And for Proof of this ; If into a fmall Tube 
tbi bntiaw Glafe, in which a fmall Quantity of Water rifing at t 
n/j^Lt Sides mabifcjts Surface fpherical, fome Water be poure 
inafmaU fo as not to fill it ; We may obferve, that it will con 
'luknttfttil, nue in the fame manner Spherical, though the Tube 
T^ili?'* inclined as you fee in the Figure, where the Curvat 


Fig. 8. 


Curvatt 

(i) Becaufi tbt Air) Since all Gibbous or Concave, accordittg 

thcie Pbsenomcoa arc thcOtme in a the Particles of the Liquor are m 

y^tuum as in the open Ale ; we muft or iers mutuai.'y attracted by each 

aiTert, that the Saperficiea of any tber, than they are by the Mai 

t^iuor containe4 in.aoy Veflci it of which the VeiZal it made. 

AI 
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ABC reprefents the Surface of the Water, which is thene- 
fore above the Level, and manifeftly higher at A than at 
C, becaufe that Pofition of the Water agrees better with 
the Motion of the Air, which would be more turned 
back, and with greater Force in the Place D^ if the Wa- 
ter were more upon the Level DBE. 

72. The fame Caufe, which hinders the Water from 7*« ^ * 
growing level in an inclined Tube, hinders a Bottle alfo fw/^^J 
which has a vervftrcight Neck from emptying it felf, ^benfiiied^ 
when it is near inverted, and the unequal Height of the /«''?/ ^*- 
two Parts of the Water which endeavour to come out at ^turntdwitb 
the fame time, fliould feem to deftroy the aquilibrium of tbt Bottom 
the Air^s Preflure, which repels and fupports it by its "AJ*''^'' 
Weight^ For Example ; Though in the Bottle here dc* ^fn/itfeifi 
fcribed, the Height of the Water which endeavours to Tab. in* 
come out of the Bottle at C, is greater than of that at A> ^<' 5*j 
and therefore fliould feem to be able to force the Air to 
defcend at C, and to rife again by A, and get into its 

Place ; yet this docs not happen, becaufe.the Parts of 
the Air now defcribe the Curve ABC ; and the Difr 
ference of the Weight of the Water at A, above that at 
Cy is fo very fmall, that it is not able to make^e Air 
to defcribe a Line that is more curved, as it muft do, if 
the Water which defcends by C, took up part of the 
Width of the Neck. 

73. If a little more Water be poured into a Glafs of the 73* 'T^atthe 
common Shape, than will fill it cxaftly full ; as that which ^r^jff'" 
would run over the Sides, is more expofed to the Power ^^"J^ '^J^*^* 
ojF the Air than any other Part is ; it follows, that the Gh/s /# 
Air ought to pufli it back towards the middle, where it f^'^^^'fo"^/^ 
ought to be higher, in order to its more convenient Mo* convex! 
tion. And thus we fee that a Glafs may be filled heaping 

fully and that the lels the Gla(s is, the nearer does the Su- 
perficies of the Liquors it contains approach to a Sphere ; 
becaufe it does not fuftain the Weight of fo great a Quan- 
tity of Water, and the Force of the Air is fufficient to 
bend it in this. 

74. If the Glals be greajy^ or for any other Reafon will 74« 'That the 
not be made wet 5 whatever Quantity of Water be. put in- f?^^^^*',-. 
to it, ( i) the Superficies ought al\vays to be convex j. be- « Glafs not 
caufe its Figure does not fo much depend upon the ex-/«''» «»^ 
ternal Air, as upon the Air that flows between the inter- Zt'lew^t^- 

ted, ought 
{i) The Superficia ought ahoayt) in VelTcIt of Gold that are not full, atjo to be 
Thas the Superficies of Quickfilver its Superficies is concave, as that of convex* 
in Clafs Tobes^ is always gibboiis, Water is in Glafs, See tht Noui on 
becaule it does not wet the Giafs^ but Att^ 69. abov** 
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nA Parts of the Ghfs, and the external Parts of the Li 
q^or which it contains, which by its continual movin 
itound, blunts the external angular Parts which refifts i 
Motion, and forcfes them towards the Middle, or el 
forces them inwards, ahd fo caufes the Water to raife 
&]f up towards the Middle, where the Air (^pofes i 
Pa&ge lefs, bdcanfe it cannot get thither, but by sdte 
ing and bending its Courfe. 
75» ^^ 75- From what has been faid in the two for^oii^ A 

jZhifn ^^^'^ ^^ ^^^^^^ ^^ ^^ Air which depreffes the Midc 

thi Top of of the Superficies of the Water in a Glafs not full, oug 

tbBfFater, from thc fame Caufe^ to drive light Bodies vHbich fwi 

frm'tb^'^ upon it, and toiich it immediately, towards the Side 

Msdiii to This I have experienced in fmall Globules of Glafs full 

tb$ siiUt. Air and clofed up, which an Enameller made as light 

me as he could-; for thefe 4)eing put towards the Mid 

of the concave Superficies of the Water in a fli 

Glafs not very fall, it Was very pfeafent to fee them c 

\oen from thence to that Side of thc Glafs which "^ 

' , neareft to them. 

yB.TBattbis J 6, Becaufe I made ufc of a fmail Globule of Gl 

^uld^ "'' ^"^ ^ ^^^ ^^ ^^^ ^^^^> *^ ^^^ Experiment, fome I 
Attraffion. ^ns perhaps, may imagine, that this Globule moved 
wArds the Sicfe, becaufe it was attrafted by the GIj 
But it is very eafy to confute this Imagination j for 
to mention the Obfcurjty.of that Word, the fame Tl 
will happen in a Veffel of Wood, or of any other Ma 
whatfoever (i) which we cannot fuppofc ta have 
Syni^athy with the Globule, 
77. Tiat the yj. But that which evidently overthrows this Opin 
fame Bodtet ^yjj confirms that which I have advanced, is, that if 
y^lL^^ trafthm had any Thing to do here, the Globule ougl 
Sidet to- move fwiftly from the Middle to the Side of a coi 
^ddU^n a S«iperficies of the Water in a Glafs heaping fiill ; 
GUfs heap- hcfides the Attraftion, the Declivity ought to help its \ 
tmgfuU* tfon. Which yet is. not fo 5 but on the contrary, it ir 
from the Side towards the Middle, as it ought to d 
what I have affirmed be true j becaufe, as was faid 
,fore, it is the Sides which are mofl: expofed to the I 
of the Air; and the fame Caufe which drives theV 
from the Sides to the Middle, ought alfo to drive the 
Globule. 

f I) Whlcb voe tannot fyppoJe\ See the Natc« o&Chap. xi. Art. 15. 

78 
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78. But it is to be ohferved in thefe Experiments, that ^^^f^ f, 
the ^ody which floats on the Top of the Water, ^"^^ btJmtr^an 
immediately touch it, or which is the fame Thing, muft H^atery-wbai 
be wetted by it, that the Air may be forced to move/^'^'"i^ f* 
round them bQth, as if tliey were one continued Body, t^g wat^. 
But if die Body which floats on the Water does not im- doe* the con* 
mediately touch it, or is not wetted by it, we experience ^'^*2g/o.* 
the contrary j jthat is, the Body wijil defcend /rw; theSides^^^ojGl^* 
towards the MiddUj when the Superficies of the Water is 
cmcave^ zn^from the Middle towards the Sides when the 
Supe^rficies is convex, becaufe the Parts of the Air which 

pa^ under the Body deprefs the Liqifor all round, which 
produces the fame ££^, as if, when a large heavy 
fpherical Body was fixed upon the Declivity of a Moun- 
tain, we fliould take away the Earth equally all round 
it, and put JLreavers under it to fupport it ; for it is evi- 
dent, it would by that means be difpofed to defcend to the 
Bottom of the Mountain. 

79. It is to be ohferved fiuther, that when a Body 79.i3iw/iff* 
which weighs more than an equal Bulk of Water fwims ^•^'" "" 
upon the Water, as a Needle made of Steel will do, thtj^af'J!^ 
Reafon of it is this ; that the Air which preferves it kit tbc iTater. 
a Pailage between the Body and the Water, iupports it 

and hinders it from finking : For we ought not to think 
that it proceeds from hence, that the Parts of the Water 
are harder to be feparated near the Superficies, than deeper 
in, as we m'ay be apt to Imagine ; for having caufed foihe 
fmall Needles to be made of Glafs, which were lighter 
than the Steel Needles of equal Bignefe, and laid them 
gently upon the Water, they always funk down to the 
Bottom. 

80. From hence, vi%. that the Body dipped in tlieWa- Zo.frhyLi' 
ter will be mijined^ or not moiftnedy it follows, that the quorsfome- 
Water will rtfe ir^ on the Sides of fome bodies higher ^^Wst^ 
than it is any where elfe, or that it will be deprejfed low- offimBt- 
er i. The Reafon of the Firft is, becaufe the Air which ^'^ '*^;"'' 
moves from one Side of the Veffel to the other, and paf- ,^^ ^ \'ittU 
ies over the Body, permits the Liquor to rife in that w^y. 
Hollow which the Air cannot without great Difficulty turn 

into : Whereas when it pafies under, as in the Second 
Cafe, it deprefles the Liquor all round. And of this a 
Multitude of Experiments may be made, and an infinite 
Number of them are made without any Notice being 
taken of them ; for every time we dip our Pen into the 
Ink, we may obferve, that if it be moittned, the Ink will 
Vol. I. L z jifej 


\ 

14^ ROHAULTs System PartK 

rife ; and on the contrarv, that the Ink is deprefled about 
the Pen if it is not moift. 
81. jvby the 8 1 . If two plain Bodies which the Water will wet, fuch 
riknnfide- ^ ^^o Picccs of clean Glafe, be put veiy near one ano- 
r^biy in the thcr, and dipped a little way into a Veflcl of Water ; ( i) 
fart^bere fY^^ Air which moves from one Side of the Veflel to the 
^/*y/'^^i other, in order to get over the Ohftacle that lies in its 
ftted t» each way, ought rather to pafs over the Top of the two Glaf- 
^^tra^dT- ^^> ^^^ *^ defcend into that ftreight Place, which is be- 
ftVJiittU tween them : So that the Water is not fo much prefled 
inta it. here as it is in other Places, where the Air can go with- 
out bending its Courfe fo much, and fo it ought to rife 
to a confiderable Height above the Level of the Water 
contained in the Vcffel ; and thus we fee by Experience 
that it does. 
%\.Why the 82. And there is no doubt but that the Water would 

Ten7oriU of "^ ^^" '^^g'^c^? ^f ^^ ^^o Pieces of Glafs were clofed 

vjeif in on both Sidcs, for by that means almoft all the Air which 

jmailGiofi moves crofs, without bending its Courfe, would be hin- 

^ ' drcd from entering in. Or, which is the fame Thing, we 

may take a very fmall Glafs Tube open at both Ends, and 

dip it in the Water, for then the Air cannot enter in by 

the Sides : fo that the Water muft rife very high in fuch 

fort of Tubes, if they be very flender : And indeed I have 

made the Water rife a Foot high in a GlafsTube fo fmall, 

that one could fcarce get a Horfe-hair into it. 

%%, Why it 8^. However, we muft not conclude from hence, 

tn^JuboM *^^^ ^^ ^"S*^* ^^ "^^ °^ without End in thefe fmall Tubes ; 

End, for it is eafy to fee, that the Water muft ftop, when the 

Weight of that which is rifen, tends downwards with 

greater Force than the Preflure of the external Air has to 

thruft it up. 

S4^ Tb0i a 84. If theTube be inclined, a greater Quantity of Wa- 

^Z^'^. ^terwill get in, becaufe, being fome A^'ay fupported by the 

Watt^Miibt Glafs, it does not tend downwards with fo great Force. 

frifiin an Which is confirmed by Experience, according to the moft 

^''"' exaft Laws of Mechanicks. 

%\.'jfrbytbe 85. Having now explained the Force of the Air as a 
JTater rifit Liquid to impel Bodies which are fo clofe to it, we may 
^ITTeThitbe^^y with more Afliirance and Certainty than we could 
fmaiicr, tban before, what the Situation of a Liquid in an inverted 
in tbe larger Syphon, whofe Branches are of an unequal Thicknefe, 
i^Zefdl^' as is here reprefented, will be. For Example, if we con- 
f^Un. fider only its Weight, we may confidently affirhi, that 

Tab. I. 
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if the Water in the larger Branch, reaches up to the 
Height AB, it ought to rife to the Height C in the little 
Tube, to be upon the Level with the other : But we may 
add, that if this Branch be fo fmall, (i) that the Parts of 
the Air cannot turn in it but with Difficulty, the Water 
'will rife confiderably higher than in the lai^r Branchy . 
fo as to reach to D, according to what was now 
proved. 

86. There are few of thofe who enquire after a per- %S.4»ima» 
petual Motion^ but when they fee this Experiment, for^'jj'^ /kfo. 
want of rightly underftanding the Gaufe of it, think tian, 
they have found out fuch a Motion, And indeed it 

looks at firft Sight very probable, that if we take one 
of thefe Syphons, in the fmaller Branch of which the 
Water rifes very high, and bend this Branch a little lower 
than the Height which the Water rifes to, it might be 
fo ordered, tlwt the Liquor with which it is filled might 
run out into the larger Branch, in order to rife up again 
in the fmaller one, and fo produce a perpetual Motion : 
But it is certain, that (2) they are deceived who make 
this Conjedlure j for befides that, the Branch of the Sy- 
phon, out of which the Water is to run, ought to be 
longer than the other, (which is not fo here, where the 
bent Branch is in the Room of a whole Syphon) it is 
eafy to fee, that the Water, the Moment it endeavours 
to come out at the End of this fm^ll crooked Branch, 
is more expofed to the Force of the Air, than that which 
is contained in the larger Branch ; whence it follows, that 
its PaiTage out muft be flopped. 

87. This will appear more evident, if we Confider, that «/. That in 
when the End of the fmall Tube of a bent Syphon, ""J^^^ *^ 
whofe Height does not exceed that, to which tte Wa- J]^^^/, 
ter will commonly rife, be dipped into the Water, it will vnyfraff^ 
immediately be filled ; but if the End of the longer Branch ^^ZJ^I^ 

Wtfyf riM out 

(i) Tbt Parti of tbt Air) It Aeudem, del Cimmto, p, 55. It is through ibt 

looks very probabk, at firft Sight, crid^nt therefore, that aU thefe longer 

at if the ftiff Particles of the Aur, Phaeaomeoa't are to be afcribed to Branchm 

either pafled over the Mouth of the AttraAioa. Sea the Notts nbove oM 

little Tube CD ; or elfe flicking in wfrr. 69. 

it, like little Pieces of Wocd a- crolir (z) fbey are deceitfid) It is ma^ 

it, fupported the Column of incum- nifeft, from CalcuUdon upon Me- 

Vttt Air, fo as itfliould not prels chanick Principles, that all Que- 

opn the Water under it, with its Aions aV»ont a perpttual Motion end 

nlual Weight : But by often repeated in this. To find out a Weight hea> 

Experiments, it is fcund, that the vierthan it felf, or an elaflick Force 

Water will rife as high in fmall ftronger than it it!^. Whkh ik 

Tubes, though the grofs Air be ex- abfurd* 


hauftfd. See The Sttftr, of the 
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he not d^prefled lower than ufual beneath the Level o 

the Water in the Veflel, it will not run out into th 

Air, as it ordinarily does ; whence we fee, that the Ai 

pufhes it back with greater Force than it has to com 

out. 

zz.Aeuri' 88. Fof a further Confirmation of a Thii^ which k 

ous Expert- bccn fufEcicntly proved, I may add ; that fo far is tl 

p'refi^e 1/' ^^^^^ from coming eafily out at the End of a fma 

/^Ah/ Tube, that fometimes it will be forced to enter and ai 

cehd into it) when it was entirely without before : Whic 

may be. tried, by holding a very clean fmall Tube ope 

ajt both Ends perpendicular, and putting a Drop of W2 

ter upon the e^cternal Superficies, which may .entirely fto 

the Hole at the lower End, when it is got down thither 

for thfen you will with pleafure fee the Tube filled in t\ 

fame mariner as if the End of it was dipped in a Veil< 

of Water. 

89* Jf'bat 89. After what has been faid in the foregoing Article 

tbtCaofeof It is eafy to underftand what is the Caufe of the Filtrc 

FiUrauon ^^^ ^ ^j^^ Chymifts : For the Piece of Woollen Clot 

which they put upon the Side of the Veflel, in fuch 

manner, as that one End of it is dipped into the Liquoi 

and the other End hangs down on the Q^tfide lower i 

the Air, refemWes a bent Tube, in which the Water rui 

11$ in n Glafs-Tube : And it matteft not, if this Cloth < 

Woplleh Tube be full of Holes on all Sides, for the A! 

which moves .round it, preffcs in the Water which er 

deavours to come out at them, fo that it is like one cor 

tinued Covering. 

96. nUMtihi 90. Since ourThoughtsj or if you will, our Conje6lur< 

f^*" i ^^^'^^^'^i^g ^^^^ ^^^ liquid Bodies are confirmed by i 

liquidBodiu ''^^^X Experiments, I think it fujperfluous to add an 

mifvtb, <tre TWng morc, Whercfore I ihallfinifh this Chapter, wh 

^i^F^m^ dnJy remarking tWoThings : The Firft is^ That if Han 

nefs and Li(]uidnefs confift in Reft and Motion, whic 

have their Dependence upon fomething elfe ; then the 

Forms are not Suh/fantialy but only ^alkies or Mod 

of Exiftencc in the Bodies to Which they belong. 

^i.What 91. Secondly, That having explained the Nature < 

Prynefiand Hardfiefs and SSftnefsy I have at the fame time explaine 

i0ijtneft u. ^jjg^in Drynefs and Motfinefs confift. TTiis is eviden 

if we underftand the Woi'd Dry and Moift in the Sen 

of the Antients, who did not diftiriguifli them from har 

and liquid : As we may fee from hence, that fpeaking < 

Moifty they ufe the fame Gr^^^ Word as all Interpretei 

rer.der humid or liquid mdiiFerently. It appears furthe 

thj 


that I hive expbu^ed what the Nature of Drpufi and 
Moiftnefs is, acccrding to that ^enfe which we now ufe 
thofe Words in ; becaufe byj>;}^,ws uiiderfiand that which 
will not mret anjr Thii^ ; and by Afoi/i^ that which will 
wet a Thing, which are two Properties which have beea 
fidly and expre&ly handed above. 

iSi ^mf ^Kf ^mS <Bf ^^9 ^^v c^B cSf CHP ^Ei vK? cKf t«7 i^Bt ^Kf ^Sp ^Ki ^m! ^Hi iBp 

€apaPMulpapqg«p«<iftapcBti8 y B h 

CHAP. xxni. 

Of Heat and Cold. 

THESE Two Words have each of them two dif- »• '^^'^ 
ferent Meanings : For Firft, by Heat and Ccld, we ^af^'^u 
underftand two particular Senfatkns in usy which in fomc CftU^hitvf 
Meafure refemble thofe, which we call Pain and Plea- ^ ^fftrem 
iiire ; fuch as we feel, when we touch Ice, or when we ^'"V* 
go near a Fire. Secondly, by Heat and Cdd^ we un- 
derftand alfo the Power which Bodies have to laife the 
forementioned Senfations in us. 

2. I think we cannot underftand what Heat and Cdd^ *• ^ ^^* 
in the former Senfe of the Words, is, but only ty Expe- thatwi*^o* 
rience ; wherefore our Guriofity will he iatisfii^, and our pofcu trtat 
Pains employed only in enquiring what that Power con- ^^'*' '**' 
fifts in, which cotain Bodies have to warm us, and alfo 

what the Power confifb in, which we obfervc other Bo* 
dies have to cool us. 

3. Ariftoile fays, that Heat is that wfaicfa coifed to- %*UpmMm 
gether homogeneous Things, or Things of the fame Na-» j^^ ^r 
ture, and dimpates heterpgwiequs Things, or Things of a 4i«rf CcWr 
different Nature \ znd CoJdy he iays, is that which colleds 
together, Things homogeneous and heterogeneous indif- 
ferently. The common Inflanccs made ufe of to prove 

this, are Fire; by the Heat of which, a great nv^'ny Parts 
of Gold may be colleftcd into one Mafs, or two or more 
Metals which are mixed together, may be feparated: 
And Ice, which by its Coldnefsy unites together, Water, 
Stones, Wood, Straw, fo as to compofe one Body of aU 
thefe together. 

4. But it is to be obferved, that the Inftance here gi- ^*J^glf^**l 
ven, is fometimes faulty ; for if a Mafs, compofed of Gold, tbtr m^t' 
Silver, and Copper, be put upon the Fire in a Crucible, ^fadiffirent 
it is not true, that thefe Metals will always clear them- ^2>i'//^ 
felvcs of ^ach other, fo as to be feparated and placed in «/ the fa 

L 4 tbw^^»«« 
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their proper Order, one upon another, accoiding to their 
diffeifent Weight. On the contrary, if feveral diftin6l 
Pieces of Gol^, Silver, and Copper be put t(^ether in- 
to a Crucible, the Fire will not foil to mix them all to-* 
gether. 
5. That the 5. It IS true, that if the Fire afts a very long time up- 
FiTy,f on a Mafs, compofed of Gold, Silver and Copper j the 
tber'to dijfi' SitvcT attd Coppcr will go all aWay in Smoak, and fo leave 
fate tbtin to the Qold alone in the Crucible. But we ought not for 
Ih^^ ''^*- this Reafon to fay, that the J5r^ has a Property of col- 
lefting Things together, becaufe this perhaps b only ac- 
cidental, that is to fay, by diiSpatihg the Firft, which 
refifts its Force lefs, the Gold remains alone, or laft, be- 
' caufe-it refifts its Force more. In the fame manner, a^ 
V if Saw-Duft, and the Filings of Lead were mixed tog^ 

ther in a Plate, we c^n with our Mouths blow away the 
Saw-Duft, and leave the Lead-Filings alone in the Plate, 
For it is evident, that it is only the Refiftance of the 
Pieces of Gold, which is the Caufe of that Metal's being 
thus feparated from the Silver or Copper. For if it bi 
left after this upon the Fire, it will continually diminilh 
by little and little, till it intirely vaniflies, as Refiners have 
tried i and this is what they mean when they fay, there \& 
. no' Gk>Jd of 24 Carats, that is, none that can be refined 
fo pure. 

6. That 6. But if it was tiaie, that Heat always coUedled toge- 
Ariftotie thfer homogeneous Things, and diffipated heterogeneous 
v>batBelt ^^^^-i and that Cold collected together all forts of Bodies 
^mi.C6ij:^<r^ iodifli^ntjy, this- would indeed teach us what Heat and 
^^^^^bat Cold ^^^ .but not at all tell us what they are: But Art- 

^/''*'; ^^/i^ has been excufed in this, by faying, that in defining 
Hs3kt and Cold as he has done, he did not fo much follow 
his own Opinion, as that of others, 

7. Whattht 7. I don't know whether his Interpreters Jiave it right. 
Opinion of when they pretend, that bis Opinion was ; that Heat ^ in 
^unlomlrZ *^^ ^'^^-^ f^^ Inftance, is fomething in the Fire like that 
ing Heat and Scnfatiori whJch is raifed in us, when we appn^ch the 
Qifld it. Fire. .And fo likewife, that Cold in Ice, is fomething in 

' Ice very like that Senfation in us, which vifes from touch- 

ing it. (i) Becaufe in his II. Book oftheSoul^ Chap, xii* 
after he had fliown that Senfatim is ^ PaJftQn^ he fays, 
that the Moment any Senfatipn is raifed in us, we be- 
come like th|p Objeft that raifes it. 

\ (i) Becaufe in hit H Book) Th'a {^ySy s^a^w ^sy ^ ri utout^m 

ih!8Y#h^hap. of (hcJQimeBook, he ' -r ^ • 

* 8, But 
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8. But whether AriflotU was of this Opinion or no, 8- ^^5 if-^^ 
thtis much is certain, that they have no Proof of what 5C«2!^>i 
they affirm ; for it is no Proof to fay as they do, thsitjor their 
the Fire cannot give that which it has not ; becaufe opinion. 
taking the Word gwe^ in the Senfe here ufed, there is no 
doubt. but that the Needle, when it pricks us, gives us 

Pain, and yet there is no reafon to believe from hence, 
that the Needle has in it any Pain like that which it 
caufesin us. 

9. Farther, the Heat of the Fire, and the G)ld of Ice 9* ^^' '' '* 
being Properties or Qualities belonging to Bodies which ?^/""^ 
every one acknowledges to be inanimate, they cannot be 

like the Senfations which we feel by their Means, be* 
caufe thefe Senfations belong to us as animate Creatures. 
And bec;^Q/e the fame Thing may fometimes happen to 
rai& in \f& two diiFeient Senfations at the fame time, it 
will follow from their Opinion, that the fame Thing may 
be hot and c(dd at the fame time, which is impoiiible ; 
yet the Air which we breathe out of our Mouths, may 
at the fame time feel hot or cold according as it is difie- 
l^ently applied to our Hands in blowing upon them. 
. 10, By reflefting upon this Experiment, which fhows 10. jBf wA#f 
usj that the fame Air feels hot or cold, not only from its ^^tsldief 
being applied in a different manner to our Hands, but cwjlfi*. 
alfo from the different manner of making it come out 
of our Mouths ; it is eafy to conjefture, that the Heat of 
4 Body confifts in a peculiar Motion of its Particles. And 
becaufe the nearer we put our Lips together, and make 
the Air come out quicker and ftronger, the lefs we feel 
the Heat ; hence we conclude, that the Heat of a Body 
docs not confift in the direft Motion of its Parts. Now . 
whatever is in Motion, either moves on direftly, or elfe 
has an unequal and irr^ular Motion, as it wene about 
its own Center} from whence we may infer, that the 
Air which comes out of our Mouth, befides that dir^ 
Motion, by which the Whole of it is removed from one 
Place to another, it has alfo -a great many of its Particles 
moved round with a circular Motion about their own 
Centers : By which means thofe which are applied to our 
Hands, with this fort of Motion, excite in us a kind of 
Tickling. And becaufe it is this kind of Motion which 
raifes in us the Senfation of Heat, we ought alfo to con-* 
elude, that the Heat ofBQd'm conftfts in thii Sort of Motion 
of their /mall Parts, 

II. So 


^54 


ROHAULTs System Part) 


1 1« T^iU- 1 1. So tint what is in the Objcft is very diflereiit fpM 

'?^r!T**«- the Scniation which it raifea. And this ought not tot 

tiuixt Heat thought more ftrange, than the Difference there is be 

aad Fain* twixt the Figure and Motion of a Needle, which pricl 

us, and the Pain which it cauies. For as it is cvider 

from the Inftance of Pain, that the Soul being united 1 

the Body, it is the Appointment of Nature, that cejtai 

Perceptions of the Soul fliould follow from certain M< 

tions or Divifions which the Needle cauies in the Body 

So alfo we ought to think, that Nature has appointc 

that from that particular Manner in which our Body 

moved by the Fire, there ihould arife a particular Perce| 

tion 'y and this is what we call Heat, taking it in the foi 

mer Senfe of the Word. 

iz.rhatBo' 12. This is confirmed by Experience, whitbteacb 

cmJblty to ^) tbat many Bodies, are made enable of warming u 

^bicb It it to which we cannot fufpedi any Tning has happened bt 

T'^"i *"* ^^^y M^^^^"* I^ *s ^® "^ purpofe to inftance in thei 
\al%ned all : \ fhall content my felf with the fpUowing Ej 
but Motion, ample. 

13. The I. i3« And, Firft, It is certain Aat whsn'^ur Hands d\ 

jSmntfie. ^otry cold^ we find by Experience, that if they he rubbi 

a Utile while together j vm fhdll feel a coiiftderab 

Heat. 

14* The II. 14. &ecmdiyj As was before obferved. Lime having co, 

Exampu, Water powed upon ify though it was before cold, wM aj 

quire fcich a Motion of its PartSi> ttet they will be f 

dif-united in a Hbort time, and by that Means will h 

come capaUe of heating us in fuch a n^iier, thkt it wi 

be very painful to hold it in one's Hand^ 

15.7** III. 15. Ratten Dungy that is, fiich as diiSpates it fHf h 

Zxampli* ijttie and little, becomes lb Iwt, as to ferve inftead of 

moderate Fire in many Chymieal Operations. And Oh) 

miftry furniflies us with many other Examples not To con 

mon, which ought to^ be mope known to the World t ha 

they arc. 

i6. TbeW, 16. Fot Inftance, if a few Ft tings df Brafs be throw 

* ''*>'''' into a large Veffel in whtdffe^little Aquafortis, k wi 

immediatdy raife fuch a Fermentation, that the Botti 

will feem quite full, and at ^he fame time wflH>e ft) hoi 

that we caamot touch ^t without being burnt. 

17. The V, ly. Further, If, as was before faid. Oil of Vitriol JUi 

^ ' Oil of Tartar be mixed together, though feparately ne 

ther of them are combuftible, they will immediately a< 

quire an incredible Fermentation on a fudden, and at tl 

fame time a very fcnfible degree of Heat. 

j8. ; 
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1 8. It is trae, that in thefeSort of Examples, it may »8. The vi. 
"with fome Reafon be faid, there is fomething that we do ^^^^^^ 
not throughly underftand, wherefore I fhall ftay a little, 
before I fay what the Caufe of thefe furprizing Motions 
may be : To come therefore to fome more familiar In- 
ftances > we obferve, that two hard Bcdies rubbed againji 
wte another^ do /o agitate the Parts of each other, as not 
only to bum us when* we touch them, but their Motion 
will increafe to fuch a Degree, as to fet each other on 
Fire. Thus in very dry Weather, the Wheel and the 
AxU'Tree of a Chariot, when it goes very quick, and in 
general, all Sorts of Engines which are made of Mattel* 
that will burn, and which move very quick, are apt to 
take Fire. Nothing is more common, than to fee a 
WimhU grow hot in boring a Hole in a hard thick Piece 
of Wood. So iikewife, if wey{& ov/harp a Piece of Iron 
or Steel, it will grow fo hot fometimes as to lofe itsTemr 
per. And a Sawy which the Wood will not eafily yfeld 
to, acquires a very notable Heat. But nothing fooner 
takes Fire than a fmall Piece of FUnt or of Steely which 
is ftruck off, and put into a violent Motion by ftrikihg 
thefe two againft each other. Now in all thefe In-r 
fiances^ there is nothing added to thefe Bodies but Mo- 
tion. 

I9» All the Antients who have confidered the greateft X9' ^n Ex* 
Part of thefe Experimeiits, have afferted that Motian is ^J^%^j/^ 
the Principle (f heat \ which I acknowledge with them oftbeAtu 
to be true j if by Motion they mean the Motion of the fi^' ««-^ 
whole Bodies^ which is the Caufe of the two Bodies rub- «''«'«^fi'''* 
bing s^inft each other \ but if by Motion they mean the 
Motion of their infenfibleParts^ I think they have not iaid 
enough : For tlie Mqtiim^i thefe Parts, is the very Heat 
it felfof iiiok Uo&es. 

ao. I fee no Objeflion that can be made againft this : 20. W%f a 
For when they objeft, in order to fliow, that Motion is Cannon BaB 
not (i)thePrincipleor Caufe ofHeat, that a Ball out of ^^^'^^^^^^ 
a Caumon which moves very quick, does not burn the itoet not grow 
Wood which it enters into 5 or that a Musket BuUet does **' "^ ^'^* 
not burn the Wood which it penetrates, though it be very 
dry ; this contradi^ the Opinion of thofe only who pre- 
tend that Heat coniiils in the Swiftnefs of the Motion of 
all forts of Bodies how grofs foever. But this Objection 
makes nothing againft us, who afErm, that Heat coiififts 
in the different and viplent Agitation of the infenfible 

{1} Tkt PrmifU 9r Canfi o/Biat) U not the Hett it M* 

Parts . 
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Parts of Bodies. But when a great Bullet moves ver 

quick, its Parts may be at reft with refped to each other 

and' therefore it is no wonder that they don't burn th 

Bodies which they touch. 

%\. Why the 21. If we refleft upon what has been faid, we iha 

Naw of a not at all wonder, that the Bands of Ifx>n which are abou 

^^'*^ a Wheel do not grow hot as it does in the Middle : fc 

grows bOty O , _ , ' 

and not the though they defcHbe larger Spaces by their Motion, yc 

Ftilowu notwithftanding this, their Partsare not agitated with re 

fpeft to each othcr^ as thofe in . the Middle are, whic 

continually rub againft the Axle-tree. 

at. Why a 22. We may very eafily anfwer a great many Qucftior 

Piece of Iron -^hich may be put to us by thofe who will not allow ths 

'^r^fhftl the Form of a hot Body, confifts only in the Motion of ii 

hut not the fmalleft Parts : Thus when they ask, how it is poffibli 

^'^' that when a Piece of Iron fixed in a Vice, is filed, the Ire 

grows confiderably hot, but the File which -moves upon 

IS fcarce warm at all : It is eafy to anfwer, that the Par 

of the File moving upon the Iron, and continually gratiii 

it, not only with its own Parts, but alfo with fomc i 

the Parts of the Iron which it has rubbed off, and whic 

remain fometime between its Teeth, muft necefiarily c> 

cite a very great Agitation of the Parts of the Iro 

which is filed, and confequently heat it very fenfibly'. Bi 

this is not the Cafe of the File ; for though its Parts a 

grated as much as thofe of the Iron, yet becaufe it 

longer, the fame Teeth do not twice together touch tl 

Body which it grates,, but there is always fome fma 

diftance of Time, between the two Rubs of the Par 

of the File ; during which time, that Place which ma 

have begun to acquire fome fmall Heat, may lofe 

again. 

^yJf^yTrim ^3' There arc fo many Things to be confidered in th 

Jhenit is Experiment, that ia fmall Difference alters all the Circun 

^*rfi:r(«of ftances. Whence it is, that a Piece of Copper or Lea< 

srberMetVh, ^^cn it is filed. Ought not to grow fo hot as Iron, bot 

becaufe Copper and Lead are not fo ftiff, and becaufe 

is eafier to feparate their Parts than the Parts of Iron 

fo that the File being never applied twice together to tl 

fame Part of the Body which it grates, it cannot ihat 

its Particles fo much : And this is fo true, that if we ti 

to file a Piece of Copper, with an old worn File, whic 

will fhave off but a little at a time, the Heat will be i 

' great as that produced in the Iron. 

24. No^ 
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24. Now if' any one asks, why, in fawing a Plank 24* ^h ^ 
of Wood, the Saw grows hot and not- the Wood: I an- l^^^/^',^ 
fwer, that the Plate of the Saw, fticking in the Slit of tL'fTwdr 
the .Woodj and being rubbed agalnft each Side, the 

Parts of it muft be fenfibly fliaken : Whereas it is evi- 
dent, that the Plank ought not to grow hot in the Place 
againft which the Teeth of the Saw go, for the Reafon 
juft now given, ^//z. becaufe it cuts the Parts off; nei- 
ther ought it to gi'ow hot on the Sides, efpecially if the 
♦Wood be eafy to faw, bccaufe the Saw advances further 
and iuither iilto the Slit, and fo does fcarce twice toge- 
ther touch the fame Part of the Wood. 

25. It is true, that if the Wood be very hard, and */'3^ 
difficult to faw, and if the Saw fticks in the Slit which it ^Jiye„fl^n 
makes, the Plank will then become pretty hot; but we may grow 
fliall hot be able to perceive it by our Touch, becaufe *^'* 

the Parts of the Wood being large, lofe their Motion in 
a Moment, and it will take fome time to pull out the 
Saw, and to open the Slit fo wide as to put our Hand in 
to feel. But though we cannot perceive it by our Touch, 
we may fee it with our Eyes ; for the Places againft 
which the Saw for fome time grated look burnt, as ^if 
they had been in the Fire. And it happoned fome time 
ago, that defignedly fawing a Piece of hard Wood, fixed 
in a Vice, in a Smith's Shop, with a Saw which ftuck 
in the Slit it made, I at firft perceived a Smell like 
burnt Wood, and continuing to faw the Wood with 
greater Force, feveral Sparks came out of it. 

26. The Experiment which feems to be the moftcon- 26. ff^by « 
trary to the Principle we have laid down, is, that if we ^^it driven 
drive with a Hammer a lai^e Nail into a piece of hard '^/^oT^ 
Wood, we Ihall not find it grow warm while it is dri- wtb a 
vingin, but after it is in, and the Hammer does nothing ^^"*'"^'' 
clfe but beat the Head flat, then it will begin to acquire ^l^^bot. 
fome Heat : Yet is there nothing in this, but what per- 

feftly agrees with our Notion of Heat. For as we make 
it to confift wholly in the Agitation of the fmall Parts 
of the Body; it is certain, that the Nail ought not to 
grow hot, when it is moved all together in entring into 
the Piece of Wood ; but that it ought then to begin to 
grow hot, when it ceafes to move fo, and its Head begms 
to be made flat; for it is then only that the fmall Parts 
.begin to te in Motion, and acquire an Agitation fuffici- 
.ent to Heat. And indeed, when the Head of a Nail is 
made flat, all that is done, is, that there are by that Means 
fewer Parts placed one upon another, and more by each 
. - ■. . other's 
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other's Sides ; which cannot be, but by the Motion an 

Agitation of thcfe Parts, which by their beating again 

each other, caufc that trembling in which Heat confifts 

%^. That 27. Having thus endeavoured to anfwer the Objeftio 

fo'tTn^^^ that might be made againft us ; we ecnne now to dra 

hot. '^^ fome (5)nfequences from what we hayc hki down j b 

caufe if thefe agree with Experience, they will help 

confirm us in this, that wc are not for from the Trut 

In the firft Place then, let us confider, that feeing H< 

confifts in a certain Motion, or a certain Agitation 

the fmall Parts of a Body ; it is certain, that the mc 

the Parts of the Body are thus moved or agitated, t 

pcater will the Heat be. Now it ^ ^Ment, th 

(i) Flame is more agitated than any other Body whi 

comes under our S^fcs. For, for Example, it is tl 

violent Agitation of the Parts of the Wood which no 

xifti the Flame, that makes the greateft Part of the 

fly away, and that of all the Wood that can be burnt 

ft Day, fo very little remains in Aifaes ; which wc - 

not find in the forementioned Inftances, where there 

only a moderate trembling of the Parts of the Bod 

which is not fufficient to dif-unite them entirely. A 

this is the R«afon why Flame ought to be the hotti 

Thing in the World, as every Body knows it is, 

2^. Bow a 28. However, this muft be underftood with fome fi 

Body that it ftriftion, that is, if they ^ree in all other Particular 

^uaud^at for it IS not inconfiftent herewith, that there fliould 

Flam may fome BodiGs hotter, and more capable of heating th 

yethtbQtttr. Fhme, if they confift of more folid Particles, a 

confequently fuch as are more capable of Agitatioi 

wherefore Irony though it be not red hot, will bum mo 

if we touch it, than the Flame rf StraWy er Spirit 

JVine will do. 

29. Why 219- The Difference that there is betwixt the Groffn 

Sea-Coal of the Particlcs into which the Bodies that are burnt ; 

w/// hurn j-^foj^^ jg ^jjg Caufc of fo much Difference in th& Flan 

more tban ^ 

anyitber. Thus, Oak being more folid than Straw^ but not 
folid as Sea-Coal ; their Flames are alfo proportional 
more or lefs burning or ftrong one than another : A 
the Ufe that Smiths make of them, according as tl 
have occafion, fhows plainly, that Sea-Coal afts m* 
ftrongly than all other, becaufe when they would heai 

(I) Flame iimcre agitated) Con- Fire, See Part the II Id, and 
ccinioj ihe Nature of FUme and v^bplt '^^CMtVfitb tbeHbd. 

1 Pi 
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Piece of Iron very much, they prefer this Coal to all 
others. 

^o. When a Body mdts, and liquifies^ as I may call 3f' ^^ 
It, by little and bttle into Flame, it is ^impoffible bat that; ^ithBodw, 
the Particfes. which flip and xub one ag^inft another, muft and dtmi- 
be diminilhei and brobeh into a thoufand Pieces, and fo ^^^of^l^, 
make a very fine Duft, which, that it may cont&pue to 
move with that violent Agitation which it has acquired, 
gets dS from that Ma(s of which it was before a Part, 
and Hies into the Air ; which is what we call exha- 
ling or evaporating: And hence it is^ that the Fire 
lias the property pf dmin\(hing all Bodies which it a^ 
upon. ' 

31. This being allowed, there i& no Difficulty in re- 31. Wbf 
folving that Queftion commonly asked, viz. How it is Heat bar ^ 
poffibfe that Heat ihould produce at the fame time two ^^^y^^^f^ 
feemingly contrary EiFe& : Such as hardning of Clay^ H^ax* 
^nd fiftning^of Wax. In order to this, we need only ob- 
ferv^ that Clay is compofed of two Things that are 
very different from each other, vi^i^ Earth and Water; 
the Latter of which may very eafily be evaporated, -be- 
fore the Particles of the Former are confiderably fliaken ; 
and fince the Clay is foft for no other Reafon, but becaufe 
the Particles of the Water are rn'fome fort of Agitation, 
amongft the Particles of the Earth, to which they be- 
long; it muft needs be, that when the Water is all eva- 
porated, and the Particles of the Earth remain alone, 
they, win reft againft each other, by their own Weight, 
and fo by that means compofe a hard Body, On the con- 
trary, the Parts of Wax are pretty near equal ; fo th^t 
the groffer Particles are agitated before any confiderable 
Quantity of the fmaller ones can fly away. And there- 
fore all tfie Particles of a Piece of Wax being a little in 
Motion at the fame time, compofe together a foft 
Body. 

32. It may be obferved alfo, that the Heat muft be z'^ibatti^ 
but moderate, to harden Bodies : For if it be very vio- ^'Jl^'^l 
lent, it will make them liquid. And thus we fee, that great, to 

'lame melts not only Metals, but alfo A^fhes, Sand, harden Bo- 
Itones, and Flints, of a Compofition of which all Sorts ^"'' 
of Glafs are made. 

33. From the different Degrees of Heat, and the va- 33. How 
rious Texture of the Parts of which a Body is compo- ^'^' '"''^'"' 
fed, we may conclude, that very different EffecSs will he^Ji^* 
produced : For firtt. If a Body, whofe Particles are very 
clofe to one another^ be confiderably bdt, whatever the 

Figure 
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Figure of thefe Particles be, fo they be not cxaftly iioun<I, 
when they are agitated or turned round their Centers, their 
angular Points, or the Parts which are moft diftant from 
the Center, muft necefiarily meet one another, and pirn 
one another out of the Way ; whence it follows, that 
the Heat will caufe a Rarefaraon in this Body, as we fee 
in Milk, and all other Liquors ; and alfo in moft hard 
Bodies, in which few or none of their Particles fly off 
when they are hot : Thus red-hot Iron is fomothing big- 
ger than when it is cold. 
34* ^fw " 24. But if the Particles of a Body he very fmoothj and 
tbtru ' ^^fy '^ ^^ P^^ ^^ Motion^ and yet are fi placed with rejpegt 
to each other ^ ajt fcarce to touch one another^ fo that the 
Compofttion is very rare ; a very little Heat coming upon 
it, and (baking the Particles, may cauie them to approach 
nearer one another, and the whole Body may be by this 
means condenfed. And thus we experience, that Heat 
when it melts Snow, reduces it into a Icfs compafs. 
35- ^h 35* -^^^ becaufe the Particles of almoftall liquid Bo- 
HTater^'utben Jigs muft every Moment bend themfelves, or fome way 
ma^frux' ^^'^^ ^^'^^^ Figure, in order whereunto, they muft be mo- 
ing, it rarer ved with fufficicnt Force ; therefore if the Heat, or that 
than when ',vhich forces them to move, or fo agitates them as to 
^old^ make them liquid as ufual, does almoft wholly ceafq, 
all that the Particles can do, with that little which they 
have remaining, will be to move themfelves without 
bending fo much as is neceflary to join them together : 
And then the Liquor will be rarified a little, and after it 
is fo rarified, the Addition^ of the leaft degree of Heat, 
will caufe its Parts to approach nearer one anoth9r again. 
Thus Water is a little rarified before it freezes^ and is 
condenfed again by the leaft Heat that can be. But be- 
caufe fome Skill and Pains is requifite to prove this by 
Experience ; I will fet down the Means I made ufe of 
to make it appear fenfibly. 
36. An Ex' 3^* ^ caufed a Glafs Veffel to be made like that in the 
periment to Figure, thelargeft Mouth of which is at A, and the other 

/r/wi^*'"der: I poured Water into the Hole A, 'till the Veffd 
treme/y eo/d, was full, and confequcntly 'till it arofe" up to D, in the 

TzCuil' ^"^^^ '^^^^ ^^^" ^ flopped up the Mouth A clofe with 

Fig/ 10.* foft Wax, and a Hog's-Bladder tied on : Having thus 

prepared it, if the Heat of the Air be fo diminiflied, 

that 
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that the Water be very near freezing, (i) itwUlfi8*H, 
and rife up to^the Mouth. B, where it will fometimes irun 
over a little: Then, if we put our Hand or any other- , ♦ 
Thing that is warm, to the Veffel, we fhall fee the Wa- 
ter condenfe it felf, and fink iathe fmall Tube drtioft 
down to the Bottom C. It is true indeed, that if we 
continue to heat the Veffel, the Water contained in it, 
will begin to dilate it fdf ^in, the Reafon of which, is 
that which I have now given. 

37. Becaufe we can move our felves with greatier Eafe Vh '^^^^^^ 
in the Air than in the Water, this is a Proof that -t% fy of^dt^ 
Parts of the' Air ate much finer than thofe of Water* fnaybtde- 
Wherefore the leaft. Heat that can be, muft dilate t\i^';^^'/J^ 
Air i and confequently. Tie Quantity of the RarefaSfkn offaaion of 
the Air^ will very exaSffy Jhow tbi Quantity of Heat hem tbe Aiu 
on the Earth ; that is to fay, we can judge that it is hotter, 

one Day of the Year than another, hy obferving in whicfe 
of thele two Days, the Rarefaftion of the Air is greateft. 

38. Now in order to make this Rarefeftioa fenfible, g, ^ ^^^ 
there has been invented in our Days an Inftrument called Jtripthn of 
a Thermometer^ pretty like that in the Figure : DF is a "^^^^ 
very fmall Tube of Glafs about two Foot long, lit^ a Tab. iv. 
Neck belonging to the Bottle A, which is Glafs alfo. Fig. i. 
and about as big as a Tennis-balL The lower End is 

bent and made large, fo as to form another Bottle nwrked 
F, which needs not be fo big as the Bottle A, and has a 
fiipall Hole made in it at B« 

39. The Thermometer \& at firft entirely empty, that is^ 39- 7** 
full of Air only, part of which is forced out, by heating ^p^rlt{ 
the Bottle A, at the fame Time, that the other Bottle F is and the uj^ 
dipped into a Veffel of Jqua-fortis^ tinftured of a Green oftbfrbtr- 
Colour, by diffolving a Piece of Copper in it. We "^'"'^ 
choofe Aqua-fortis rather than common Water, becaufe 

it is not fD fubjeft to freeze, and does not fp eafily eva- 
porate. As the Air remaining in the Thermometer grows 
cool, it has not Force enough to preferve that Bulk which 
it had before, and fo is obliged to retire up into the Glafs, 
and leave Room for the Aqua-fortU^ which by its own 


(i) li nolll ftotll) fiecaufe itt 
Parts are madefHfl, by tke Mixturo 
of JNUrout Particles^ and of other 
Salu. ( See the Notet on Art, 54..) 
However it maft be acknowledged, 
that fomething ought to be allowed 
lor the Contra^on of the Glafs* 
For as Heat by eacreafing the Mto- 
tioo of the Parts, dilates and ex- 
tends Glais and other Bodies^ fo<cold 

Vol. I. 
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by flopping the Motion of their — , 
Parts contrsAs and condenfes Glafe pie 10 
and other Bodies. See tbt Expert- 6' 
wentt of the Acad, del Cimento, 
p. 109, &e. The Water thercfoT* 
a little before it freezes, rifesin the 
TubeCff, partly becaufe it is a liitle 
rarified , and partly Becaufe the 
Glafs AC ia a Uttic conde'hfed by 
the Cold, 

M ' Weight 




Weight, aflifted by that' of the external Air, getb mi 

the Bifttfe F,- and from thence rifes up in the Tube t 

Tab. IV. ward& C. After thisk the Inftrument is taken oat of t! 

*" * Vefiel in which it was dippedy and without doing at 

Thing m^ore than fixing it in a WoodcJn Frnme^^ mark 

with fevei^ Divifions^ it ihows how roach hotter it 

at one time than another. 

¥>' *^** 40. For the more the Grecu Liquor h foKadf tp c 

i^T/lSje, fcend by the Rarefaftion of the Air in theupjfcr P^trt 

the Tube, the hotter it is in the Place where the Thi 

Tnometer is fixed : And on the contrary ,^ it i» a Sign 

greater Cold, when this Liquor riies higher, beeaufe t 

Ihows that the fame Air has not Force iufficieat to |^ 

ierve its Bulk, but is obliged to give way to the Atp. 

firtis^ which the Weight of the external Air that pt\ 

upon the Ifole B, continually &iFces to rife u{> as high 

k can in the Tube DF. 

4T. That 41* However, we muil take care not to be deceii 

tBit 7Afr. in the Judgement we jaaake of the Heat, by bardy kx 

"^iTaJfy' '^ ^" ^he Thermometer ; beeaufe the Weight of the i 

diftinguijb being not always equals it may be, that the Air will pi 

aii ibe Dif- more upo» ^t Liquor contaiaed ia the Bottle F, at fo 

t^^Heat, Times than, at others,, and; confequendy force it to 1 

higher iii the Tube FD,, and may oocafion us to thi 

that it is coldei than it was bef^ne : When perhaps 

Heat ei the Air was neitl^r greater nor lefs. 

41. ADe- 42. This oecafioned the making another Sort of Tk 

Z^"^'** */ mometer not loag fincc, which has but one Bottle or G 

Tbtrmmtter ^^^X) ^^^ ^^ ^ ^^S fiender Neck as is here reprefent 
Ttb. IV. At the Hole A is put in as much Spirits of Wineas-> 
r*!* 9. uji the Bottle quite full, and the Neck alfo as high as 
Place marked B, and then putting the End A into 
Flameof a common Lamp fuch as Workmen uie, flop 
the Mouth there, and then the Thermometer is finiil 
♦1 ^'^y 43* When the Heat of the Air increafes, the Spi 
'^^d^Tt b ^^ ^i"« dilate and rife above B, and fo force .the Ai] 
'Airlntbis the Part of the Neck BA to condcnfe. Which 
^betmmetfr mzj eafily do, becaufe when it wa^ inclofed here, 
Tab. IV. was very much dilated by the Flame which melted 
Glafs, in order to ftop the Hole A., On the contn 
wh^en the Weather grows cold^ the Spirits of W 
contrail into a lefs compafe,. and defcend below 
Place marked B,. and permit the Air to extend it'ielf 
yond its Limits, By this Thermotneter therefore we ji 
whether it be more or lefs hot,, by the rifing 
falling of the Spirits of Wine^ and we Deed not 


the Ineqwalilty of the. Weidit of th^ Air, beeaufe It . 
cannot get in> to make any Alteration in our ObfeiTa* 
tions. 

44» Though the Fault in the foregm% Thermmeter 15 ^ ^J^^ 
xemedied in this» yet has this another of as ill OnJh^^bmm^ef 
quence, viz^ That beeaufe the Spirits of Wine dilate and 
cQndenfe but very flowly, we cazuiot foon enough per*, 
ceive the Alteratioi^ that is made in the Heat or M>ldnciii 
of the> Air. And^ there is another Paujit ftUl^ ( if it b^ 
not made larger than they ufuaQy are) which is^ that thei 
iSpirits of Wine» being not capable of a very great- Ha*^ 
refadipn^ its lliiing and Falling in the Neck of the Bott 
tie will not be of & great Length, as to diftinguifh the 
fmall Change that h^pen in the Heat of the Air. But 
one Remedy of this> is, asliaid, (i) tomaketheTi^^r* 
momitir vety large. ) have one. in which the Di£feit2ioe . . 
betwixt the greateft and leaft Heij^ of the Spirits of 
Wine is above three Footv 

45* Aftjev what has been iaid concerning Heat, there 45. my 
remains nothing more to be explained, hut that which ^'«Y ^"^* 
we experience in Limij when euher Water is pound uton ^^iJu^attr, 
ity or it is put into Wattr : And this may ferve to explain fMmred u^ 
why other hard Bodies grow hot as foon as certain Li- ^* 
quors enter into their Pores. In order to our Satisfaction 
in this Matter, we need only confkier^ that the Stone 
of which Lime is made, has fo very imall Pores that the 
Water can fcarce enter into them ; but after it is put 
into the Kihi> the Fire which penetrates it, carries away 
fomeof the internal Particles, and by that means enlar<> 
ges the Pores fo much, that afterwards the Particles of 
the Water can eailly enter, being only furrounded by 
the {7.) Matter of the firft Element : Wherefore being 
freed from the Matter of the Second Element, when they 
enter into the Pores, they can eafily acquire all the Force 
of the Firft Element in which they fwim j fo that mo- 
ving very quick, and being alfo pretty grols, they have 
Force fuificient to dif-unite the Parts of the* Lime, and 
to carry the fmall Duft of it along with them : And it 
is principally in the Agitation of tins Duft that the Heat 
of the Lime confifts. 

(I) To mmht tht Thtrmmtiir) oiierfliidijuickeryandtheDif&reixe 

TUsIntionTeaieiittiiMy be remedied of the Degrees of Heat may be ^ , 

by bcodiog the Neck of the Thet- more e&fily obfer^M' 
mometer into a Spiral $ far by that (z) Matfr of the Firft Elmtnt) 

means the Spirits of Wiae ^M rile See the Notes below 00 Art. 4s. 
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46. Uva a ^5; There is no need of wetting Hay in order to ha 
nay grZ\ '^^t^ow hot of ft felf, it is fufficient, if it it heaped 
kit,* .^ . whtlft it is greyly for every. Spire of .Grafs. contains in 

felf enough of the Moifture which it Aicks out of t 
^ ' Earth, the Particles of. which go and come out of c 

Spire into another, and fwim at firft in the Matter 
the Firft and Second Element, where confe<quently tl 
have only *the Velocity of the Second Elemeht; But 
terwards'when the Grafs giDws dry, their Fibres ftrii 
and their Pores grow fo fmalf, that/irtie earthy Ju 
which runs out of one into another, fv^ims in the Mat 
of the Pirft Element only, whofe Velocity it then obe 
and fo . has a Force fufficient to movb tne grofler Ps 
6f the Hay, and to heat them by that Means. 

47. XK&y 47. I laid exptefsly, that the Hay muft be heapc 
Ha^^bem ihat the Paiticlcs of the earthy Juice which come 

'ridi^saa ^^ ^^^ * Sp^^ ^f Gtmk may enter into another' with 
heat* their Motion ;. becaufe.if.the Hay be fcattered In 

^, Meadow, the Juice which comes out of the Spires 
Grafs, is diffipated in the Air ^ and does not enter ag 
into others, to caufe that Agitation which fe ncceflarj 
, produce Heat. 

4H. How 4^' ^^ ^^ ^^^ Heat which arifes from the Mixture 
two Liquort two different Liquors, wtb need only imagine (i) t 
that art jjjgjj. Particles are of fuch a Figure, that they can n 
totwb^ clofely unite when they are mixed together, than w 

mixtd togC" 

f^*r* ' (1) 7bat their Pgrtides) Since r/« ymllh dtJitUed Vinegar or 

•there is bo fuch thing a« this FirB rit ofVitrsoi \\\{aSal^rmouia 

J?/^i9}««ry by all thefe Expeximents, /> Corrofi-oo SuhHmate reduced 

appears, that in Fermentationi, the Powder feparatdy^ "oXi^ tlien 1 

}*articUi of Bodies^ wbicB a/moft tQ%t.^es \ If di/iiUed Vinegar ht 

rffty aro put into ne^ Motions Sy a ed upon them, they wiU be 

very potent Principle (namely At- cold daring the Fermrntation* 

tra^on) which ads upon them only the Philofoph, TranfaQions N. \ 

wbtn they approach Me another \ and Alio Sal Armoniac mixed v 

^caufes them to moot and clafit with double Quantity of Oil of ^ 

great Violence f and to grow hot with will bubble up and fwell very 1 

tho Motion, Newt. Opt. pag. 355* and yet the Lienor at the iamc 

Alt becaufe Heat does not coofift in feel very cold* ,Sce the Mxpi 

every Motion^ but in a peculiar Mo* the Acetd, del Cimento, p, 153. 

tiori (and of certain Particles per- further^ from the Motion Of 

hips) of the finali Particles of all Salts which are naturally in «l) 

Bodies ; if the Fermentation or E- ter, it |t, that Water it'felf 

bulition arifes from the Mixture of fed in a Glafs, and put into st 

fuch 8ott of Salts as produce Cold, VefTel fuU of Water, if ri 

( See the Notes on Art, 54. Mettr) Coals be thrown'into the W«) 

the Fermentation may not only be this larger Ve(fel, will, firft 

attended with no Heat, but with m cold ( aa appears by apply 

fenfible Cold. Thus Salt-petre mixr Thermoaeter to it ) before \ 

ed with >pirit of Vitriol or other ceivca the Heat conamunicsl 

acd Spirits ^ alfo volatile SmU eft/n the Watex which fttiroviuU it 
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- they are -feparate ; and when they are fo mixed^' they* V :^ 
fvtrim in the Matter of the firft Element only, aV I^,^\ ^ 
.during that littie Time we fee them ferment ; Which is 
^confirmed from hence, that after the Fermentation'ceafeS, 
xwe- find -many ^Particles' united together, • and that they 
compofe a great many fmall hard Bodies. *^ 

49. Having thus explained the Form of a hot Body ^ it ^^^^ 
' will be eafy. to determine that of a cold Body^ which Is Natun rf 

riie diieft contrary : For if we confid6r, that Cold ^TLXxti- Mi^ 

guiflie^ or rather diminiflies Heat, there will be no 

Doubt, bot that thofe zxt c4ld Bodies^ which caufe that 

•particuhr Motion in which Heat c<mfifts to ceafe : 

►Now we know that this Property belongs to three Sorts 

of Bodies : Firft, to fuch as have their Particles at Reft 

with refpedt tor^^ach other. Seccmdly, to fuch whofe 

Particles may be in ibme Agitation, but lefs than thofe of 

the hot Body to which they are applied ; and Laftly^ 

•Such whofe Particfcs may be fuffidently agitated with 

ja Motion psoper to excite in us the Senfation of Heat, ^ 

'but is attended' with a different Determination which 

ichanges and ftops the Motion which the Parts of our 

Body are in, and therefore cool it. The whole Diffi- 

.culty therefore is, whether C^A/confifts-in one of thefe 

-Modes only, or in each of the Three, 

50. Now fince there are Thitee Sorts of cold Bodies, S®* T^i 
*we may affirm,; that C^Z^.coniifts in eaehof thefe three fbrL"s*ort$ 

Modes. For, Firft, The Cold which is common to all of cold 
■ hard Bodies j 'caniiot confift in any Thing - but what is *•«''•»• 
common to them all, t//z, in 'the Reft of their Particles : 
Further, the Cold which we feel in Summer-time, when 
we go into the Water, efpecially wiien we are up to 
the Middle, arifes from hence, that the Particles of the 
Water having le(s Motion, than our Bodies have in all 
thofe Parts which are near the Heart, they receive (bme 
Motion from us, and at the fame time we lofe it. And 
of this we have a very convincing Proof, becaufe the - 
&me Water feels many times warm when we dip our 
flands into it, becaufe they ar^ not fo hot as our Breaft. 
LafUy, It is evident, that the Breath which comes out of 
our Mouths, when we contrail our Lips, or the Air 
which we put into Motion with a Fan, .in the Heat of 
Summer, ought to cool us ; if we confider that the di- 
reft Motion of them diminifhes or alters a little^ the 
Determination and Agitation of that Motion which is in 
the Part of the Body where we feel it cool 

' . . . ' 
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5T. ny s '|(t. For a CoafirniatiQii of this^ vrt mqf ^fefve^ tki 
wtJlniob ^^ Boiks cannot ms^ any Alt«0stkm ta tteMotem^ 
:sn9tber, liot Bodies^ wkbout 88 fliuch altering diat Modesn wfak 
mrmit f^irown Cc^ne& conitfis ; that is, a eddlki/ mm 
^^* cool anathir^ witbout growing warm it filf^ and h in 

find by Experience. 

5r». *P»r 52. Wcntayobferve further, that the mote Partid 

aHu^ a cold Body has at Reft, the more thofe of a hat Btt 

HhMnothm* to which they ai« appikd, ought to iofe of their .Mel 

on, in order to conummicate fome of their Heat to t 

other. Thus Marble having more Fartides at xcft ths 

Wood which has mor^ Pores, and is full of a Li<]c 

Matter which is in continual Motion, oughtto ftelcol 

ler than Wood. 

4«. Whf 53* '^^^ ^o may ferve to explain to us, why the j 

tbf Air which is Hcar Marble^ wr other jB^^x, uJyiA have « 

jr2 ^ ^fu J^^ Por^h ^^ »^ to be quite fi warm^ or otight to h 

gr tbanin " ^^tlc coolcT, thatt that wbicb is in Placei'wbere jbch Boo 

mbtrFUeeu arefiot. For the grofler Parts of the Firft and Seco 

Elesnent, which cannot enter into the ifanli Pores 

thefe Bodies, muft nece&rily be lefl e Qc d hack fin 

them ; and for the moft part there is only the moil: iid 

Matter about them, which is xieady to enter into the 

or which cannot but come out of them ^ and cor 

quently this is not able to ^itate the giofe Particles of 

Air, which are proper to raife In us the Seniation 

Heat. 

54- 1^ 54- ^^^ I f^7 that Bodies which hare more Pa 

Snowjetit cles at reft, ou^t to fed colder than otfaets which h 

mrbu!''' fewer, I fuppofe that the Particfcs of each of thefe ; 

dies are equally lufoeptibk of Motion ; for if we \ 

pofe that the Particles of a Body aie very eaiUy t< 

put in Motion, and to Iofe' their Reft ; this Body, tho 

very porous, ,ought much rather to reoeire within it 

the Agitation <^ a hot Body, and by that means coo 

than another Body which hs^ fewer Pores ahd more F 

at reft, but fuch as are not fo eafie Id be-moved. w 

hence it is, that when we touch Smw^ which is ' 

rare, it cods us much more than when we touch A 

hUy whofe Particles are much le6 capable oF being 

into MoUon. (i) 

(I) It it aradi mere probata 4aces real ittt&i , fack is 

•hat Cold ( which is oot merely ftiag, Breaking in Pieces, R: 

<9mparauve, ^% Hat of ft mply H;ri tioa, GTf.) is owing to fcm 

or J-iquid Bodies U 5 but gif- ticiei of JSHtrg andcthcx 
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.55. ThP' Nature of Heat and Coljd beit\g fuch as I "Js- »w 
iiav^ now defcribed, if you qaU to mind what was a^^coid^trg 
J}6fore iaid cQncemiag the Kojwgi of moift or Ucjuid Mo- drjinj^. 
4ies ; it will be eafy to undedlwd ,ho,w jH^at and Cold^ 
w^hioh lire disoSt contiiairy QpUtiesy isiay yot^ ihough by 
«9uite different and 0|fX)ute Ways, produce txoe and /i^^ 
^^j0i^ £jffi^y vi^. Dfying w Hmdmig : ^vm eieperience 
ixi thiSj that the fame Things, .:as C%f> for Inftance, are 
<nade as 4ry hj the Cold in tl^,Winter, asibey are by the 
gr^teft Heat in the Sunimer : In order to undemand 
:lhe Reafon hei^of, we need only cpnfider, tbat the Parts 
'of moift or iif uid JBgdies, fuch as Water, lofe all their 
iMot ion when it isA^eiy .cgld^ wherefore finoe fuch Bo^- 
dies by this Means acquire die Form. of iiard or <Iiy Bo* 
4ies, k is not at all iumcizing, that.Cky which is com- 
jpoied «Kf Water and £arth, fhould grow hard and dry« 
when the Weather is very cold ; feeing the Water alone, 
to which all the Softnefs oif the Clay is ofmn^ freezes 
and grows hard. On the contrary. Heat cauUng the 
Partjs ef >tbe Water, by whofe Means jthe Matter of the 
Firil .and Second JBlement k^t the terreftrial Parts of the 
Clay in fome fort of Motion, to evaporate j thefe ter- 
feftf ial Particles, by their own Gravity, will be at reft 
with rsfpeif): to each otbex;, and ky that Means goonpofe 9, 
lifyor hard Body. 

56, Hence we may alfo iee the JReafon <3f a Maxim s^' ^^/ 
founded upon a Multitude of Experiment^ viz. That ^^^,*^ 
iici(^ 0nd Moifiure mm Prindpks itf Cwn^tion. For a priBcipUt of 
2^>dy .i^.cornipt]qd when there is a ver^.jcmarkahleChange Cwr^ftwu 
in it» wlMph douhtkfs may be ,efFeaed by fuch a Mo^ 
i(ion^ t^ ^ow thefe two Qualities confift ia this 
Motion. 

5f • 0^ l^oontrary, by Jteft, the Pja^ of Bodies are 57. Wfy 
ksi/tin rihe .fa«ic Situation, and Cdd caufes them to be J^^'*^*, 
at ji^ft \ twhewfere we may Jay this Aimu ((xc a Maxim, '^'^''*'** 
thitChU tinders Corruptim. 

58. However we muft notaJfirm thiU to be a general $%. Why m 
Ma?ciQ>» For if a Body has Pores laijw.cnough to contain J^'JJ^'^^^*'*' 
a good deal of Liquor, and thefe Pores l)e filled with %^^ 
Water ; becaufe Water cannot freeze without dilating 
it felf, it jnaj fo>happei2, ^hat; in freezing it .may hrqak 

wh'xih ire of certain Fignrct pro- «nar^ other Vd^tiU AtkaYtTtste Sahtt 

yer to excite tl>at Senfiatioo , and make the Water with which thqr 

to .produce thofe Efi'cAs. And are mixed very €old. See<abjve'0« 

Sbence it ist tbat-^tf/ Armoniae or Art. 4.^1 


Sdk'FtfTf, or Sak oj l^rim^ And 
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the Body, which contains it, in Pieces. And thus we fee 
the foft Stones, which arc cxpofed to the Froft, crumble 
and aife reduced almoft to Powder, before the Water which 
they have fucked ift,' can get out. 
59- ^^ 59* T^^^ perhaps is the Reafon of wliat Js fadd by ibme 
bJtf'i ^^ ^^^ Antients, That a hard and penetrating Frojl has a 
Fiantu * Poiver of Burning: However, it verv often happens, 
thit we afcribe tbat EffeA to Froft, ot* which it is only 
a very diftant Caufe, and which is immediately produ- 
ced bj[ tteat. For Example, when we fey, that Fr€)ft 
corrupts Fruits and the Buds of Plants,' we ought rather 
to fay (i) that the Heat corrupts them whilft the Froft is 
diflblving, becaufe. it carmot get into thfe Pores of the 
frozen Fruits, nor make the internal Parts fo foft as 
they were before they were frozen, without having firft 
Intirely deftroyed the Connexion and Order of the other 
Parts, nor confcquently without having altered the whole 
Compofition of the Parts. 
i6o. Why • 60. For Proof of this we may obferve, that it is the 
Vol\tl7fom ^^^^^^^ V^LVts of the Plants, wnich always contain in 
Partt o/tbe them more Moifture than the other Parts, that are al- 
P/antu moft theortly ones corrupted by the Cold, and alfo that 
the Cold does not hurt them till after they are budded ; 
for before they bud, the Cold does not hurt them ; for 
which we can give (2) no other Reafon but this, that 
Plants befol-e they put forth their Buds, are not fo fall of 
watry Juiced, and their Pores are large enough to fuflfer 
thiB mbtrl Matter, to put thofe Parts whicii may have 
loft their Motion into Motidn again, without neceflarily 
deftroyiitg the Connexion of thofe it firft- a6is upon,- 
and which are more external, before it <:ome8 -to apply 
it felf to the other which, arg n^ore internal. 
kil Jc'ofi' ' 61. For a Confirmation of the.TrutFof tht/or^^in^ 
jr^^.7/z.««/ j^^^ sterfiay add,,th^t in. Northern Countries, where 
the Cold is fo great, that a . Man cannot go into 'the 
\ ^ Air without running the hazard of havihg the extreme 
Parts of his 'Body frozen ; ,if their Nofes" or Fingers be 
frozen^ they do not lofe them^ if they keep from th^ Fire^ 
and rub them with handfuls of Snow. ' ^\ 

(T) Tbattbe Heatco'rrupn them) ^ Vlirt in bisPbyJidi, SookVXhap* 
HowcTer for the moft part, the Par- xiii. 5f<ff. 65. Though this Defetl 
ti«ies n/ the Juice. beiQ| d Dated ^qd does not appear tiil the foilowin^ 

.made ftiff 1^ the Cold, fcrcjfic in Hckt (hows it. 
|*ieces,' and f,oU the ten<?er Pirts of (a) No other Reafin) See tbt 

!^i« Buds, a* IS obleived hy Mtt tt N^tti on tbe fot$f/^in^ Art* 

62. Ha- 
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6a. Having thus explained the Four principal Qualities «*• 'That tU 
that come under the Senfe of Feeling, viz, Hardnefsy ^'^^^'j/ 
Liquidneji^ JSeat^ and Gold ; there is no Difficulty in any andSmwub^ 
other which may come under th^. fame Senfe, fuch Bs^eeftba^e m 
Rimgh arid P^liflyed. For all thefe Qualities do fo clearly ^IS'*'''' '* 
follow frorii the Dtfpcrfition of the Parts of Matter only, 
that there is no need of any Explication of them ; where-: 
fore I ihall pafs on to enquire*into the Nature of Tajies. 
■ - , . • • 
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.CHAP, XXIV. 
Of^JStES.. 

TH E Word Tajle Is ufcd in Two Senfea- For Fi>ft, i. n/ 
it ftgniiies that Senfation which we commonly have ^1^^^-^^ 
when wc drink or eat. Secondly, we underftand by. this yj^^/ ^ 
Word fomething, I know not what, in the Meat and 
Drink .in which the Power of railing this Senfation of 
T^fteJn us,.£onfifls. 

2. Though Ta/ie in the formej SenCb pf the Word, ». Thst mU 
cannot be exa<Rly defcribed, nor particularly known but ^^!^ "f 

, T-* • ^ if y-v » r ' 1 perceive the 

byJtj^penence, yet we may make this ObferyatioB, th2LtyamiTafiem 
all Men have not the ftme Ta^e when they eat the fame '-&* >«* 
Meat : as appears from hence , that fome. Men can eat ^^^^* 
with Pleafure thofe Things which others-have an Aver- 
fion to: Whence we may conclude, that it is the (ame 
with Tafting as with Feelirig : For if wetou^ in the fame ' 

Part, two Perforis, the one in. perfeft HejJth, the pthef 
jnft recovered ^f a Diftemper, they will be very diffe- 
rently afiedted, vi%* the one with an agreeable Tickling, 
and the other with an intolerable Pain ;.in like manner 
the fame Meat mxy c^uie different Senfations^ in different 
Perfons.. 

3. As to Tafti in the other Senfe of the Word, wWch 3 Ariftotle'# 
we are principally to infift upon, AriftotUs Opinion is, ^/«'»« «»- 
That ip is a ^ality ttr Property of a moijl Body arifing ^^afteu 

from..0n earthy Drynefs^ and a Heat on being frejh boiled. 
Tbk Definition contains Three Things, every one <rf 
yrjiich have fome.RefemWance of Truth. And firft, I 
think Arijiotle had Reafon to fay, that Tajle is a Property 
of a ipoift or liquid Body, becaufe thofe that ar^perfedly 
dry or hard, have no Tdle *till they are mixed with our 
Spittle.' Further, if we confider that Water has fcarce 

* any 
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any Tafte, aad Air none at alt^ {though they be Jbotbrnoifi: 
Bodies, ipwe muft ccNofeft, that be JM lleaiba ilQ s4d 
fometlidng nicM>|;rofs, aad of aa oafthy Nature. Lail^ 
ly, he ought tp bring in Heal:, boc^M^e we find>y £x- 
^serience, that in nuny Fcults it caufes amain Taftes 
wliich we did not pca:mve jn them ^ope (thqr were 

4 nst Ari.. ^ The FoUovw^of Jri/h^ willfpkKly ^see^ that 

J^**jf/^^^ Explication which I have given of his Definition of Tajlei 

wbatrsfit but k iBtfsftiKf^owmed, that thoi^ Jbe Ins i2»td Aodbis^ 

*'• but what is true, yet Tias he given us no Infortnation at 

all : becaufe he Im not explained what that Af&ftion or 

Property of Body is which caufes T«Ile, nor wherein it 

confifts. 

5. A Mif. 5. Some have -dttemptcd -toTtip^ir iSbk Ddfeft, by fay- 
*fl*« «|^ ing, that it is a Quality very like tnat Senfation which it 
S-T'"IS^ naifeB in «s ; but tEey arc not at ^1 aware what laccmve- 
ArWtk. nience thie brings m into : FfMr^befides that tikis {^vcs to 

. iffumiaiate Bodies a Mode of Exiftenoe, which don b^4io 
Means boloilg to them } it would follow fioot tbis.Opi- ^ 
nion, that tiwo Men could never have dsflmntTafleBof 
the fame Meat or of the iame Drink, oontrarjr tD^vdiat 
we 4iave4e)foit ftevtA^ 

6. *ibai ^- P^ >tbe 'cmtniFy, finoe we are alieady -afiufod, chae 
«B/}r<»»;^i when iriiet fame Meat caufes different Seniations in^tmo 
MtinGroj: 4igerem. Pcrfons, one of them muft neceiTarily faiwe a 
7nd&' Senfation dHSsmit from that in the Thing whioh n^b 
9ftbePartt the SonfetioA, we have Reafon to think the&meof ithe' 
tfbui^^i ^*^ Bfeewife. It is probalile tlicreforc, that ihe FaaAf 
taJL *" tfTajUngin itf, is veiy like tie Faculty offe^hig Pmny 

that is to iay, in opdcr to biing^his Power into ^Aift, no-^ 
tiunjg more is roquir^ on the JPart of ihofe Bodies -Which 
oauie Tafle, but that they move ( i ) the imaB Wih»& ^Ttbe 
Nerves <if the T^xigue in fuch a manner as they -ought 
to 4e moved, and as Nature has appointed, 4n ^krder^o 
the Perception of Tafte ; the fame as in order to fed. 
Pain, noting mott is requ9fte4>ut to nsove in a^sertain 
wanner tjie Nerves which are tJie Inftrunwnds >6f Fe^ng : 
And becat^ <ndthing can move another, iink& it be in 
Motion it fdf, and nothing can be applied to the Nerves 
of the Tongue, fo as to have uny 'Bfisft upon them, un^ 
kfs it be of a certain Bignefs, and of a certain Figure : 

{%' the fmtU fikret) Caneefniag JPart 11. Chap, i«. and tbtjammi 
the Organ of Tafte, and its D<:icrip- li«v«€flitQok'< E^fi* 
tioii« JSee RegUU Ti£, Bo^k VJliI« 

I thepc- 
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1 ibtxt&m thiak, that th^ Fonn ^f nBodjr \«4iich caufe 
Tafte, coffiftfts in tbr(}i) Bigntfs^ figure and Motion rfits 
PartiAsj aal th^t frnn dv: 0iieseiu% which these 
tmay he in tbtk Thrae Things theie msqr ^^f^ di&feat 
Taftes. 

7. AnSihis is c onfi fmo d by a Tnitb9 which follows y^Wh^fim 
txm what I have fuppofed, namely, that if the Particles ^•^^ **w 
^f aBody be fo fuhtil, that they wiH fcaredy or not zt^'^^* 
:afl more the Oigan of Tafte^ that Body will have no 

TaAe» And this we find by Experience, that Wat^r has 
fcarce any Tafte, and Air none at all. 

8. We may alfo give a particular Reafon Why Air has 8. Apmt* 
•fk> Tafte, viz, becai^ it fwtms upon our Spktie without '^^'^ 
'Xnixtng with it, fo as to make any Imprefion upon the ^^^^^Z^ 
INwvesof the Tongue; by whicn we may alfo under- 

'flmd why bt Liqaois Imve not fo fliarp a Tofte as thin 
Xiquors Imvre* 

9. Further, if a Body be of fuch a Nature, as ikBt9myi>ard 
•^lone of tbofe Parts are feparated from it^ which ate ca- ^^jjV*"" 
pAie of penetrating the Pores of the Tongue, in order lo bl^nf^ 
imoiire the Fibres of the Nerves, that Body ought to ha»e iTafit. 

^Vio Tafte. And fo we find, in moft Metals, and alfo in 
Gia6 And Fiint Stones. 

io« Nor :ue we to thiidc that there isany Thing in tfaefe lo. ttaw 
^BimHcs, ttet cades theai to have no Taflc, but only, the ^^^^^may 
4Vdt bdng dividbd ; iar the Saks which hdong to the Z^'jir^^ 
'^Compofidon of Ghrfs, tstfted very ftrmgly before they laftu 
were concn^ted ; and Metals which ane jieduoed to a very 
rfinePowAerbytheO^miAs, are of £> ibong aXafteas . 
-ivDt to be born. 

ii< SmceHeatalways increa&s the Motion «af aBody,; xx. ff^ 
and finceit is alfo-veiyxscrtain, that the more a Bo^ Z^a^"^' 
'is in Motion, the moie capable it is of moving otheis^;.0„^^^7V^« 
to whidi it is applied ; it folbws, that when Meat is hot, '^«" f^^fi 
it nurfk neoefiarily have z ftronger Tafte, than when it is J^ *''* 
cold ; as every Day's Experience fhows us. 

12. It is aUb very cafy to fee, that the Heat, in ma- "• f^j 
king Meat ready, caufes the Particles to ftrike one againft ^'i!l^^ 
another, ib that the Oomcis of many of them muft \^fj^;h—m 

( I ) 7Ar Bign^, Ftf^n wi M»- %ot wbether the PMticlet of the Salt ^*^ ^ 

</«») Others cooteiMl, that not all the oftly, or any other PartWei, ^^ «»«**"•«• 

^articles, but the Salts mixed wfth the Caufe of Tai^e», It comes to the «'*'" ''*«'• 

the Particles of ali Bo^es, .are the fame Thmg; for we moftneceiTarily 

' Cauffa of tU Taftei \ which i« band* at laft have rceoOf ie lo the Bigneity 

ledjitkrge by Mr. Lt Cl^e in bit Motion and Figure of thofe Partides* 

Tbyp Bo9k V. Cbap* xii. And hi- Sft fbi N9tts on drU 38. 
4ecd thit ii very a p»ob«bte Opinioh j 

broke* 


•broken off, arid they hj this Means divided into fmaller 

Particles than they were before, and' alfo of a dificrdit 

Figure; and- this is the Reafon, Why Meat, when it is 

made ready^ h^4 different Tafte £R>m-wfaat it had when 

raw. 

*'/* ^^*^kt ^3* ^^ ^^ *^ Difference that there is in Tafiej ; ^na 

io^a'^rtat we have made them to confift chiefly in the Different 

ma^wry of the Figurcs of the Bodies fo tafting 5 of whidi Fi- 

i^^ gures there may be infinite Variety ; this agrees wltl 

Experience, which diicovers to us new Taltes everj 

Day. 

14. AMif- 14. Thisf being fo, I cannot approve of their Opinion 
^i^^^hlk ^^ contend for two extreme Taftcs, from a Conipoit 
tbgf aU tio^ of which they imagine all others, to ari(e. fieifidca 
Taftesarife that it would follow from thencc, that all Taftcs woiil< 
/'*" ^^' differ only in degree : w-hich is contrary to Experience 
Extrmeu which ihows US, that there is a greater Diiierenc 

than fo. ^ ". : .. 

15. *Tbat 15, 1 do not fay that there cah be. no Inftanccs given t 
Sweet ought fuch cxtreme Taftes, which rajfe in us the moft diffc 
MedtoBU.^^^ Scnfations ; but if any fuch are to be allowed, 
ter. {hould rather oppofe 2i,Jharp or acid Tafte, to z bittt 

Tafte, and not a Sweet to a Bitter j as is commonly done 

• becaufe we do not find that zJharpT2&e arifes from th 

Mixture of Sweet and Bitterly but on the contrarj^ Swi^ 

fcems rather to arife from the Mixture of the other Twc 

as we experience in Fruits, the Sweetnefs of which iecii 

to be a Medium, betwixt an Jcid and a Bitter. 

t6. What 16. To attempt to. treat of. every '.particular Tafti 

<f«fifcw. would be to undertake a Thing impoflible, and there aj 

many Things wanting, in order to fpeak with Certainty < 

the principal and moft common ones. However among 

thefe, fome (eem more.eafy to be underftood than other 

fuch as Jcid or Soure like Citron-yuice. For as this Taf 

pricks the Tongue, we may from thence conclude, tn 

Bodies which affedl us in that manner, confift of a gre 

finmhtr^ long and Jiiff Particles J which in Jime meef/u 

r^femhle fmall Needles, 

**^. Why Mil - 17. This will feem the more probable, if we confide 

fr4tti defirt ^j^at thisy&«r^ Tafte is common to all Emits before th< 

*tf/?/fcrA ■ ^re ripe; for this is a Sign that Si^arw^ confifts in fom 

thing which is common to them all ; but we cannot co] 

xeive any Thing elfe common to them all, but tl 

Difpofition of their Parts, for they are all compofed 

the Juice of the Earth, which flops in the lotig ftreig 

Pores of the Stock and Branghes which bear the Fruits 

♦ ' 18. Th 


iS. That we may underftand ifometfeing'of othfer J?j ^^^ "" 
Taftes, we may conUder the Progrefs of Fruits 'till they ^^^{T'I 2 
come to Ma^turity ; for if we can but once know what fruinnn^ 
Figure the Particles ?tre of, when we experience a certain J5/^««^ 
Tafte, it will be eafy to conclude, that thisTatte con- 
lifts in thi^ Sort or Figure. Firfl then, iince all Fruits 
are ripened by the Heat of the Earth and Air: (whether 
this Heat b^ caufed by the Rays of the Sun, as commonly 
happens in Fruits that grow in Gardens, or whether it 
He produced by Fires kindled under or upon the Earth, as 
when Fruits are made to grow in Houfes, in the midft of 
Wirjter;) we cannot help thinkings that a great many 
Particles of thefe Fruits are put into fo great Motion, as 
to ftrike againft each other in difFereht Manners, fo that 
fon^e of the longeft of them are broken into fliort ones, 
otheis have their Points only beaten off, and others are 
made entirely round. And then it is, that the Fruits 
have Tiftveet acidTztte. Whence it is reafonable to con- 
dude, that thefiveet acid ^afle of Fruits confijis in thisy that 
fome of their 1r articles are long and Jliff^ and prick the 
Tongue^ at the fame time that a great many other of them are 
lefs penetrating^ ^find fo flip over the Fibres of the Nerves j 
without producing any thing more than ct kind of Tickling, 

19. We may obferve further, that the riper Fruits i^MomtBy 
grow, the more their Particles are broken, blunted and ^^f^^- 
made fmall ; wherefore fince the Fruits are thtnjweeter^ ttrejjw 
we ought to conclude, that the great Sweetnefs ot Fruits 

arifes from hence, that they have a far greater Number 
of thdfe Particles which can only^ tickle, than of thofe 
which prick. 

20. .3ut if Fruit continues ripening too long 5 there is 20. Wfeif 
no doubt, but that all ifsTartickswill be fo bruifed, that ^f^^rmfi. 
none of them will be able to prick the Tongue agreeably^ *^^' '*' 
but they will only tickle it irt a difagreeable manner: 

Now Fruits when they are too ripe^become hitter; whence 
it is reafonable to prefume, that Bitternefs conffis in this^ 
that all the Particles are fo broken^ blunted^ and made 
fmall to that Degree^ that there rentains n$ long and fiijf 
ones amongfi them, • ' ' ^ 

21. And this is confirmed from hence, that in thofe ^i, wh^ 
Things which are made ready by Art, the Parts of them -*^<?«" «'^<«. 
which are burnt, and whofe Particles are beaten one a- ^/J.^^a" 
gainft another, and have their Corners broken off, are al- rtady^ be- 
ways hitter^ as we experience in Crujls of Br eddy and in ^f ■" *'''*^ 
Roaji-m^at when laid t9 near the Fire. 

' • 29. Th« 
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%%. Whf 22. The Na(^r« of Smr^ Swset and Bitter being Aus 

^^i^^n^* explained, we iifill no kaigpr be fiirprized,, that fwcet 

fe^d into Things^ fuch as Wine, &ppd*ey. may be refohred into 

two other, t^^^ other^ the one of whidi is/euri, or ^aV, the other 

^g^bi^otb^ hitteri for that which makes^ any Thing fweet, (with 

hiuir, fuch a Sweetneft sms is ^reeable to the Tafte). is compo- 

fed of two Sorts of Particles, in the tf»r of which ^'^^ 

confijEb, and in the other, Bittermfs^. 

%ijrhybiu 23. Neither fhall we aay longer be iarpdzedy thai 

ur Things Orange-Peal^ Treack^ and msaij purging Medicines haV^ 

W J^T^' ^ heating Qi^ity, and that tfo^ Things, fuch as thcJuUt 

mngs cool. ^Orange wnA Verjuice^ axe oammonly cooling^ fince w< 

"•f* aie affiii^, that Huait conAfts in iucb .a Sort of Mptioa 

afr the fubtil, round and blunt Pairjticles of bitter Thing 

are capable of exciting and continuing ^ and xbaX. on th 

contrary, the long Particles^ of which acid Things an 

compofed, being fomethingof the Nature of Water, ar< 

more proper to h*nd^ MotioOt thait is, to quench Fire 

than to lundie it > wheiefcire thej ouglit to be reckQne< 

amongft cold Things* 

24.. ^owa 24. Neither i$ it inconftftent with what has been laid 

^r^Jfw7 ^^^ ^^ fom^times find ourfelves cooler than we wer 

Ing, ^ ^ before, upon eating bitter Thingf^ \ for there are fome o 

them fo eafy to be corruptedi that they can produce bu 

a very fmall Heat, fiich as is fcaroe to be peiceived 

but yet thi$ Heat nsay be enough to caufe fuch an Agi 

tation in the Particles of our Blood, as to carry oiF fom 

noxious Matter which made it niove too quick bejbn 

and by this Means it will be put into a moce quiet State 

and thus we may feel the Heat abated, and our feiw 

cooler than we wese before. 

^f^.iTBdttbt 25.. I fhall not inftft any longer upon the Explicatic 

jikerathmofoi particular Taftes. It would be Tery tedious to ( 

f^'tbt^l ^^^^Z^ tbtm ail, and require a peat Number of vei 

teratioft of &C9& ExpeHments, which I have not made^ nor perha] 

ibe Figure of ever ft^^ But to confirm my ownOpinioo ag much 

\ftb7Body ^ ^'^J ^^^' ^^^ Differeme conftfts in the different Figur 

which we of the ParticUi cf the B^dy whieb tue tafte ', I will ex 

'^<* mine one particuiariy, and make it appear, that as oft< 

as our Reafon 0iew$ us, th?.t there is any Alteration in t 

26 jS« I ^^S^^ of the Particles, Experience ihews us alfo that the 

ftanet "in^ ^ ^^^"^ Alteration in the Tafte, 

fViHi, and 26. Let US( take fflne for an Example, and confider 

^J^ tb^ ^^^^ ^^^^ ^^^ Beginning, 'till it degenerates into fom 

Vine ought ^^i"g that is not at all like Wine. I obferve in the fi 

-m toba^c place, that the Moijiur^ of the Earth, becaufc it is coi 

•^yrafiu • pol 


f^feA o( the moft minute Particks of it, lias fcsuxe any 
Tafte^ and though m the Pores of the Wood of tto 
Vbie it growtf in groflfer Particks, and fuch as aixeabkto ' . 
nfM^ the Nerves of the Tongue ; yet becaufe it Hicks 
amOftg the Parts; c^ the Wood,, aiid i& Bot esAly difinga-'; 
ged ffom ft ; thexekt^ it excites but a very fmall Senia** 
W^ ia thofir who chew, the Wood. 

27. FmrthfTy fince the Particks of the Juice whicb'ay^^^'^ 
get into the Air ;ttid diftiU through tlic Stalk of the.^;;^// 
Bunchy in order to form the Grapes, flick together, and Jbrnieii 
eaimet eafily be fepcuoted; it fdlowv, that they can zi^frftformd^ 
ply thcmfeives to. the Superficies of the Toi^e only, ^/^'/J/A** 
aad confeqoently that they can raife but a fmall Sen&i- Tajk. 
ivon fairce tor be perceived. And fb we find by Expe- 
rieiis:ec 

28. But Ibme time after, when the Particles, of which ^^.^JSrSwt 
the fmaQ Grapes are compoi^, are ieparated frcxn each Xnjfibarp 
other, either by the Heat rf the Air which agitates them Tafte of ^er'" 
gently, or by the.Acceffion of more fimilar Particles whichV""** 
thruft themielves in to increafe the Bulk of them ; it is 
manifeft, that they ought then to a<5t feparately, and to 

raife the Senfation of a very (harp Tafte,. fuch as we ex- 
perience in Verpice. 

29. And the Heat of the Air, which increafes as the^9' ^<w 
Fruit ripens, continuing to move the Particles of the ?^2r!'^'*^ 
Grapes^ it is evident, that they mufl be more and more 
blunted thereby, and fome of. them made fo very {mail, 

as only to tickle the Tongue agreeaUy, and to excite that 
Sen&tioR of Sweetnefs which we feel in chewing the ripe 
Grapes. 

30. We fee alfo, and it is an Obfervation worth taking 30. Whence 
Notice of, that if it be wet Weather about the Time of 'i'.' '^'f^ '^ 

fithering the Grapes, the Water which finks into thcp^rp if it 
arth, will afibrd too much Nourifhment to the Grapes : '-tf'** during 
Wherefore as there are too great a Number of long Par- ^^^'^^'^l^ 
tides, which there is not time for breaking or blunting, 
it follows, that the Grapes will not be fo fweet as they 
would otherwife have been* And this is often found by 
Experience : For if it rains a little before the Vintage, the 
Wine is fharper, or, as they call it, harfhen This the 
People of Lan^ued9C ktm to be aware of, who are at the 
Trouble, a little before the Seafbn. of gathering the mufcu-- 
dine Grapes^ to twift the Stalks of all the Bunches, that 
. fo they may ripen> and not receiye any more new Nou* 
riihment* 

31. For 
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mi^Thettta- jj, For a hxthcT Confinnatk>n of what I havefeiA 

wZ^ •*• It is worth obferving, that if we tafte df the Jukfe of th( 

fi^ * Grapes jti/i nfl^ they are preffid^ thdre^ ought to be Vttrj 

little Difference from the Tatte of the Grapes themfehrcs 

and it ought alfo to continue its Sweetnefs for fome tiitt" 

after it is put into the Veflel, provided the Veffel be wtel 

flopped. For though, while it is working) many of th 

' long Particles which are intangled intone anothei:, hav 

an Opportunity of getting clear, and fo are capabk< 

pricking ; yet however they cannot caufe any fharp Sen 

fation, becaufethey aft in Company with a great man 

others which have had fufficient time to be broken an 

made fmall, having been preferved in the VelTel can 

fully flopped up : And this agrees very well with tl 

fweet Tafte which we find in New Wine before it 

fined. 

3*. Why 32. If while the Wine is working in the Prefs \ 

ib^rT ^^^^ ^"^ ^*^^^ i^ continued to work in the Veffel, tl 

msrJ^tt^/ moft fubtil Particles, which have moft Motion, and whi< 

by reafon of their Smallnefs were lefs ingaged with tl 

other, be permitted to fly away, and evaporate into tl 

Air through the Bung-hole, which is left open for th 

Purpofe, there miift neceflarily remain fewer of thofe Pa 

tides which tickle the Tongue, and more rf thofe whi< 

prick it. And this is the Reafon why we ought then 

find the Tafte {harper, that is, fuch as we experience 

Wine net quite fit to drink. 

33. How it 33. After this, we may confider the Wine in two Co: 
hfes this ditions : Firft, let us fuppofe it flopped up in the Vef 

arj>fjeju ^^ clofc, that it has not the leaft Communication with t 
external Air, in which Cafe fome of its Particles will 
broken and blunted, and a great many of thofe which i 
main whole, will lofe their Stifthefs, and become plyab 
by rubbing againft one another, and bending in that ftr 
Place in which they are inclofed ; and by this Means th 
will be lefs capable of fliaking the Nerves of the Tongu 
Wherefore the Wine will no longer tafte Sharps but : 
tain that Sweetnefs which we experience in it when it 
fit to drink. . 

34. Hew it 34- -^^^ without doubt the Sweetnefs would incre 
may hecome Continually, if the Wood of the Veflel did not change 1 
wryfwcef. Liquor a little, and permit the more fubtil Parts of it 

evaporate through its Pores. For a Proof of which, 
may remember, that Wine kept many Years in eartl 
Bottles, well flopped, and put into Sand in the Bottom 
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the Cdlar, will in kngth of Time btcotiag as: fjivee^ ^ 
Honey. ; ■ » 

35. Suppofcnow, that the Vefly be not ftopped j the 3S» ««»/> 
long Particles which flip Jjy one another, niay be ip Worn ^^S"^ 
as to be a little diminifhed, but there is no Neceility that 

they fhould become limber and pliable: For thofe of 
them that are moft limber, are at liberty to evaporate 
through the Hole of the Veflel, and thpfe which remain 
have the more room to move in without being forced 
to bend themielves. So that all the Alteration that will 
happen to the long Particles which remain, is, that they 
.will become more (harp, and the Win^ will be con- 
verted into a Liquor which will prick the Tongue more 
fliarply, that is, it will be turned into Vinegar. 

36. If the Particles ftill continue to be thus moved 35. ffon 
for a confiderable time, they will at laft be fo worn, and ^"»««'j»'y 
become fo very flender, as to be extremely pliable, info*- J/ZyJJr* 
much, that they will have no Power at all to move the tbmt mjt 
Nerves of the Tongue ; and then the Liquor compofed ^SJ"* 

of them can have no Tafte, and be very little different 
from Water ; as we find by Experience. 

37. For a final Confirmation of what I have faid con- 37- -^j*- 
cerning Taftes, [I will relate an Experiment which 1 5x*#r/j«iif. 
made my felf ; I took a Pewter Pot, and having made a 

Hole in the Bottom of it, I ftopped it with a Piece of 
Cloth, and then filled it about half fiiU of very fine 
Sand, h well wafhed, as not in the leaft to tinAure the 
Water which drainM thrcxigh^ and afterwards well dried : 
After this, I put in a Quart of fiill-bodied Red-Wine, 
which diftilling through the. Hole below, th6re came out 
about a Pint of clear Liquor like Water, which had no 
Tafte: Then perceiving that the Drops began to fee 
tinged with Red, I took away the Veflel which I had fet 
under, and put another in its Room, into which there 
ran pretty near the other Pint ; anjihis laft. was much 
kfi red, and had a much fainter Tafte than the Wine it 
fcif before it pafTed through the Sand. Laftly, mixing 
this Liquor with the other, which was very deal*, th^ 
Refute was a Liquor of a very faint Colour, and fcarce 
any Tafle. 

38. 1 think no Body that knows what Sand is, can find i«. ^^ 
out any other Reafon for the Alteration of the Tafte of f^^?^ 
the Wine by paffing through it but this, that the Parti- ttr. 
des of the Wine b^ing forced to go through very nar- 
row winding Pafiages, are bent a great many times aU 

Vol, I. N Wajrs, 
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Vf^tpytAit {%} faatre tte Figure and Cdnitition of the 
changed : From whence we may conclude, that (2) i 

D^jkm and Figunf ^ ibar Pattuku 

» • . 

.Vlppreof them is oot-tlt^d^ hi^t dt^lWd ia V'inej^, or St^ar 
way ttie Pfota whi^ InVp' ito^ Gd- JLrtfi' difiBived in m* propti< JH 

jtrf^Firtfl-whldi hive a Tafto* , FiftUjr, InmifmBoditi^og 

• (ly TitForm oftdi Bodies^ &r») wbicb is acid, ,and tht other ha 

Th»t l^afte coBfifti ,wh6lly in thb 

Iig(ir&^Hid«'QMrfp(ktfti0ii oT the Piart» 

lacioarf]^ demoftftnited 1^ tht f«- 

snooc Mr. BoyU-^ koTtk the furprising 

iUteMitlt)» of 'tklki, by vaiiouilir /»/#. 

cofflpovudiii^ or Bodiet. . I thllik Sixtihiy,. Frm 'o^ ^•^* « 

It worth whfk \SnfAy 


Tajh, wiayariftt^Mfdj^vtpyiit 
I'bii if donirby fttaMnc •'^m-J 
ft>, iktorated with diifolTcd Sih 
For it will ailord vttf Ut(er ( 


. ._ _, to tftopofe 

the Exfcrimentfl made bv tfaiat ex- 
^ftUtJrt' Peribn,- becaiufV the)^ obS^t 
Id ift Jccjit ih Metaotp 

VfBicb is very acid and'cdrrof^e, to* 
^ther Mlkakoies a^jkry, mSy arifr 
^Mfdy:n9iii;t^t aim^, m^ Tf^* . 
This 19 done by a certaia Oonipoil» 
tion o£ Sprit of^ Niire atfd Mtr^ 
jfind'ytt deliqdukn. 
. Skcoedly, jfMady thai Sasjiarea 
4«)r Taftf may befeparated into two- 
JBvdiet 9f a very /Bffiy 'Fafit, frf 
^firyd^ftnt/remaacb otbtt, Tf^ 
irodnr bj dif^Uing the molC refi* 
fsed. Soft of Nitre bylnjlammationf 
dtVidta MitturirolCIaynvhich^kar 

Th|tdly|> FromtflfcSedias, cm of 
kobicb i* very [bitter, and' the other 
4igr^ fiffy-may arife a Aody whicb 
hat nc ^aft*. Thli ia don? by 
Mas}lOin% Gryfiah />/ Silver dif. 
ulved in Aqua-fortii with Brint 
Or Sie^ ft^ater, and then tni\xiii% 
waA piifcpariisg them on the Fire till 
they come to a: LiateffCorma at the 
Chymlfts call It. 

l^arthly. From tvto Bodiea mixad 
togtrkkr, oHt cfvtbicb isvtrfjiutet',. 
and tbg other verf fait, may arife 
etlfo d^Body wbtcb has' no Tztfte: 
thka^h done by pouilnf a •certain 
Q(inUfx of Sj^irit qISaI Adms^ 


togftber, pm of which it iafipid, 
the other vefy ifbrfbfiife, may an 
BeSy/weatar tbak'Smgar, Thi 
done by poorftg- the heft ^fiMi- 
tis upoa red Lead,, aod then ful 
it otrer a n&bdeeate Fht till it it 
tttratM'. 

Se^enthiy^ Ffom,tha fwatfi^ 

diai of ail, vfitbout mixinf amy < 

Bodiwt'wiib' tbaat, 'may* be exth 

«atyi catro/lv!0 Lipt^rr,, fiatb ar 

d»f>kta mrtnin Bodiesu Thuo a 

rit that willdjilbrTe f^per nu 

extraQed^frmir Siigar or fhaty^ 

Eighthlyv^Jfck/yof -iittarm, 

br, maybeffparatad ittotwa Be 

one of which is very-acid^ aw 

tther witbatte atly Ta/k. Thnt^ 

ry aci4 Sflirit may;be' er t ia Qie d 

Cryfials of Siivtr diftiUed ot 

rtfj hot Fir«^ abd a Bod/ ttri 

ei/ty Tafia mil reaiauMt the Bbl 

£.a%, 7befama Body^diffolm 

different Liquors, aa Aqua-f 

-Aqpa-regia, Sf>irit ofSah, t 

led finegatr, .Spirit of Utinet^ 

will havt a-^ difirant Tafla^ in at 

them. So alfo^ the Jama LifM 

Aqua-fbrti^: mixed %artb d^ 

Bbdi&t, tiiilt tavt difireni 9 

thus with Silver it wiii be i 

with Lead it will be fcveet^ 

Copper it wilf h6 intvi^ahhi 

BiyUoJ thi J^rddudUm of ^ 


^ / 


«< 
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CHAP: XXV. 
OfSMELl S. 
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BY fhe WaidSmellj iire may fifltuhdcarftdnd tbaifor^ ^^^f jj^ 
dcuhr Sort of Scnbxkm whicfa is raifed in mbf tfaS ^^^^^tf. 
linpitflSbn of certain Bodioi upon (r) the NeciresertM 
imemal Parts of tlie Nofe : A^^ we tascf alfa .mfldf« 
ihhd by it, that in the Body wfiichr frlaSbs^ kt wfaicU^^ho 
Power of exciting the Senfatioir of Smell in* to^ cafdifb;, 

2. Every Body kndws by their own Experience what *• f^'^^ 
Snadl iff ii the foiter Scnfe of tkr Word, but it islliwU f^'J^X' 
poffible to defcribe' and rhake hdt Perception knifo^m to aiiki inalf^ > 
others; AH tha^ we can fay, is, that the Bttni ObjeA ^"/•••* 
do&not raife.the fame Seniatioii ih.aliPerfon^ a.gnsat 
many finding certain Ferfimtes agreeable to thehij whkih 
others cannot bear. 

j» This being (b, wefhall only endeavoni^ to find oat 3. TbatAH' 
what Smil is with refpcfl: to the Body fmdKng.. Jri/otk ^^^^ 
has not defined it at all in that Chapter wherche* tteati XsbatSmS 
exprefsly of Smelti, and (a) virhenrhe makes thb'Excdt, "• 
that Men have not their Sm6lh /bl ptrfbEt as other Gfca*^ 
lur^ 

4* Some of his^FollowcistJikik they underftandr what 4; ^iP^''^ 
}» means (3) from that Place where he fays, TBat /*^ AriflSta- 
Inftant ive peraive atjf Tbingy wrhccrm Hie tbi Ob^zMu 
}€^ which a£is upon us to cauft that Sutpxtion : And op- 
en this Foundation it is^ that they contend that Sihcii fii 
the ObjeA isf fomething very like that Seniation which it 
xaifes ia u& To which th^add^ that Smdl Tjiisk front 
;ehe Mixtliie^f hot and cold, dry and moift, but ibthat 
the hot and the dry prevail moil, 

. 5. But hcfidesy that this Opiifubh afcribes to inanimate 5* '^. ^'**' 
Sodiesv X manner of Exiibence which agiees to thoft-^^o/Iwi^^, 
tmly that are animated^ which dbinot be ; it woidd fol^ 
tacw, that the £uEie Smelfe maffe be equally agreeable to 
all Perfons, contrary to what was bbferved bcfon^. . To 
whiJr we may ad^ that it is wfaoDy inomceivabl^ (fup- 

(t) !/» NtrvH •/ tbi iwtemal iiVt, ,7h§ Xeafim it, btcavpf Uta 
^srts J For ths.Orgaq of Smelling, bm/e not this Scnfaticn veryferfeSf^ 
■nd ffitf p^^ptioll of it. Ste hut Wofft than many otbst Animah ; .^ 
^JUgi* Fkyfi s:s» Part If. Cbap. v. '. FtuHUn's Stmi^ ik titty bdtd:: M * . . 

(i) }i'berib$ makti tbi$ jRACitfi) vlft. ^c ADiflM. lib. %, oip. 9)« , \ 

It iiHjJo eviiUntwbat SmsUh, as £3) from tbVt Tla:e) See tVe 

* Voh. I, - - jq ^ pofing 
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ppfing the Idea's which the Ariftotelians give us of the 
four principal Qualities that come under the Senfe of 
Touching to be true) that the Mixture of them Ihould 
produce any Thing dfe but Warmneis, which will be 
more or leis dry "or moift, according a$ it has more or 
left of thofe (^lalities mixed with it, which has no Simi- 
litude at all to that Idea which they give us of Schell. 
Laftly, If this Mixture were Smell, as we perceive it 
by Touch, it ought to laife a Seniation like to it felf in 
aU Places where the Organ of Touch is ; and then wc 
ought to imell with our Hands as well as with our Nofes 
which is contrary to Experience. 
6v WHf 6. If to this it be anfwered ; that That which caufei 
l^SmtO^* the Senfation of Warmneis, when it ads upon the Hand, 
r«9f/ri la, ni^y sdfo excite the Senfation of Smdll, when it a6b up 
on the Nofe, Nature having fo ordered it : I agree witl 
them. But becaufe I know-nothing elfe in JE^es bu 
Magnitude^ Figure and Motion^ I cannot think there i 
need of fuppofing any Thing elfe to make them capable o 
impreffii^ Smell upon the Organ of Smelling : Wherefor 
I am of Opinion, that the (ame Particles which raife tfa 
Senfation of Tafb, when applied to the Toi^ue, ma; 
alfo raife the Senfation of Smell, when being fo ver 
fmall as to ily about like Vapours or Exhalations, the 
come to tickle thofe two extended Parts of the Brai 
which anfwer to the mod inward K.ece(s of the Nofe. 
7. Why 7, This may be proved from hence : Firft, That w 

m^'p^cei' experience, that the greater the Heat is, and confequenti 
vedwttnit the more capable of making a greater Number of fuc 
ii hot, than Pkrticles as caufe Smell, to fly off j the further do B< 
wAea tt IS ^^ extend their Smell : And on the contrary, as tl 
Cold keeps their Particles at reft, and hinders them frej 
exhaling, fo it is the Caufe of their Smell's being i< 
perceived. 
?• ^^ 8. Further; we obferve, that a great many Bodi 

fmtli. long as fome of their Particles are in Motion ; and th 

they ceafe to fmell when they are quite dry, or have : 
their Particles at reft. - . . 

o» HoioSo' g^ Laflly, Oneof the moft evident .Proofe: that wc ha' 
ftem To haw *^ f^ow that Smells confift in the Evaporation of certa 
no Smell, - Particlcs, IS this j'that'moft hard Bodies;- X^ich do n6t 
may find thcmfelves, as we fay, raife the Senfation of SrhelL wb 
:imeif, "they come to be burned, or only to be rubbed one 
^gainfi another, appear to have a Smell } betaufe by th 
Means fome of their Particles are made to evapora 

.1 " ^ Tl 
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Thus SealMg-JTaxy when it is lighted,* riaUes a Smelly 
which was not perceived before. And thus Iron rubbed 
againft Imn, and one Flint againft another, raife a 
Smell alfo which was not perceived before. ' 

10. I do not however pretend to affirni, that all Sorts jo. ff^jt 
of Particles which are carried off from all Sorts of Bo-^JJJJ^^Jj^ 
dies, oijght indifferently to raife the Seniation of Smell; ofiy^mH^* 
For in order thereto, there ought to be a certain Motion * 

of the Organ of Smelling, and a Cfertaih Force to fhake » 
it J and there may be alfo Particles fo verv fmsdl as not 
to be able to fhake it the leaft that is poi&ble : Thus, the 
Air which we breath, and the Vapours which rife out of 
Water, have no Smell at all ; and, on die contrary, 
there may be others fo larg? as that they may not come to 
the Organ at all, or if they do come to it, are rather 
capable of quite fpoiling it, than of Ihaking jt in fucb a 
mannei: as may raife the Senfation of Sme)!. ^,/ 

I J. The Difference of Smells depends upon the fame ^I'n^*^ 
Caufeas the Difference of Taftes does, that is, {;i)'Upon J^fif*' 
the Diffirenee there is in the Bignefs tfnd Figure if the Par* SmHt c^- 

N 3 tUkS'fiJ^' 


(l) Upon the Differenee) That 
Smeilt^ifi thefinnemaiiaeruTa^, 
cpnfifh entirely in the Compofition 
ah< Figure of the Parts^ is ytrf evi- 
dent from the foiiowing Experime&ti 
]Qa4e hy the famous Mr. BoyU* 

Fir ft » Fnm two Bediet mixt 
together, each cf tubicb it without 
any- Smett, may bt raifed a tftry 
ftromg urinout SmtU, This wUl be, 
i^ unjlacked Lint and Sal Ammmac 
be bea£en together* 

Secondly, By a ^Mixtan of com' 
mou Water y vAicb bat no Smell, a 
Body wbieb bat a/fi no Smell , 
may be made to ftndjortb presently a 
fir9»i Smell, Thus, Campbtre dif- 
ibiyed in Oil of Vitriol has no Smell, 
hut m'jced with JVater, it immedi- 
ately fends forth a ftrong Smeli. 

Thirdly, Compound Sodtet may 

fend forth Smelh which are not at all 

like the Smell* of the Bodieifeparate* 

Tnus Oil of turpentine mixed with 

.doub.'e the Quantity of Oil of Vitriol, 

after it 18 diitilled^ wiii not fmeli of 

Turpent'ne'butof Brimftone ; and 

that which remains inthe Retort, 

if K be forced with a ftronger Fire, 

will refcmble the SmeU of diftilled 

Qil of Wax. 

Fourthly, A great mafy Smellt 
may be raijed only ly Motion and 


Agitation, ' Thui a Multitude of 
Bodies, uGlaft, Stonet,^ kc. whith, 
though heated) frrd^fivthAO$QlfU» 
yet if agitated and bruifed with A 
particular Motion, fepd fortli'-a very 
ftrong Smelly and tiiere comes-*a 
Smell like that of a Roib, out'Of 
Beecb'Wood vrhUe it U twnUig. 

Fifthly, A Body that bai'aflronjg 
Smell, mixed with another Body that 
hat no Smell, may bfi all itt own 
Smell, Thus if Aqua^fortit not too 
well dephiegttatci ba poured appa 
Sak of Tartar, till it ccaies ferment- 
ing ; that Liquor, after eviporation, 
will afford Cryilals without aoy 
Smell, like Salt of Nitre | bat if 
they be burnt, they imell as bad aa 
can be. 

Sixthly, Ocrr oftw Bodiet mixed 
together^ one of ^ whith bat thenao/fi 
of Smells, and the other not a very ' 
good one, mayMrife a pleajant krp-' 
matick SmeU. ThU h done by a ' 
ceruin Mixture of Afua fonit or 
Spirit of Nitro with injlammabls 
Spirit of mne, 

Scventh'y, Spirit of IVine mixed 
with a Body that hat fcarct any 
Smelly may product a pleafant aro* 
matit^ Smell, Thus an equal Qnau- 
tity of infiammabk Spirit ofn^int 
and Oyl of Dantxick Vitriol, mind 

together. 


1 

iff let phicb are i/^tjUd/rptn the ^/if that /meJlt, A;wi|l 

be evident to itiy one who confiders t]iat thofe Thina 

■ which' Save the fame Talie, have alfo the iams SmeU; 

Thus, albiharp Epdjes have a fliarp Smctf, and ill feittcj 

Boijjea have a Smejl th^t hp fomething of Ejtten^ls ill 

, .A t'TtV,''.'-' ■ , . ' ■'■ /,. 

i».r*r«>. ^'■*■||I3.' And this is^o'tiiie, that when'we are qnw ^ffuraij 

^■£^^that^lhe-Particlespf certain Bodies hsve changed thck 

fintdi^. ' Expcricn^ tl)at ^y haigj 

riMSmtlU -fjus,' the Mfltpr gen4red ^ 

^^"" ^ cxpplcd for fom* Dajl 

: Country ( ^yhicji wijh«^ 

againft aiiother, v^i ^lUf 

s Smeil, ■ and as ftrong as ^ 

s, and at Igft is turned ipU 

1 wp Qzliyjl^ufi, 

i^, Hhp laid concerning tbc Natur 

j!'J^^ J( conclude, that both thei 

5S5*if^ ih by little jjind little. Tha 

w/b(i>r*>j Smells to be quickly ove 

(A Wmi^n ; But as to thofe which w 

"' e Bodies, fuch as thofe < 

long tiaw bpfoie .they ^ 

tbe Motten^£' their Part 

dies 13 very flow, and but a few of them are exhaled ; 

^ ^Tfit;. And as but a few of them ^e e^h^^ 4t onia 

VW- f'vJd not move the Senfe, without meetii^ ar 

■nixing with a great many others, which were Ibmetin 

b^OK ^aforEtc43 ari4 jlew about the Irneliiag Body. 


, m^ik'-i, J Bi^ •/ ibi , 

fitful Sn,a, VKtturt miiHug iry ly of Muter, ipd the inccnceiv) 

■^ki' .Biifiviik it, may ittciiratt Smallncri of <t.c Putg of Xi 

>«*ei5W«/j)»i. That tit Sfirit ■.h-ch aWijifini .n eafy •nd c 

ni»l«>,adiMtbtfyr,geitgS,fer:mtnl, PjiTaEelhttnigh GliftandDiime 

" ' ' ' It fl-ppe* up in i Boitit, on ill Side?, »nd every Wiy, ■ w 

un ume dtgiunte iaut 1 belieic, hue no iouht, but i 
wholl; oning to the 5iWii£ 
of the Pirtclei emitted, 

. ._. ._. a bad ihey niiy lie Tfiy amth laiecr t 

Apf//. m^f ar,j, a fUafrrt Smt/l the Par^idei of Light, that Be 

iif Ual tj Mali. This ii Aine by wh'ch have * SueII, are yet ■ ' 

i»>U«»^,/,into*j>t'.V»/F.(W. loattime bctbi* thty ue ien 
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fr^HE Word S^und was intended to fignifyln thg^»*^^^ 
M- firft Place, that .particular Senfittion which is J^Ted ^^j^^ 
jf% us, by the Impreflion ^made upon the EaSrs "by \irhaf ./j^fi. 
y^ call founding Bodies^. And the fame Word is ^Ib . 
ufcd tp Cgiiify That in the fouridii^ Bodies, as in a S^ 
ojr in the y<jfr Khjicji furrounds it, wJilch .caides in us the 
5cp6tion pF Spuj^d. ; 

2. After wh^t h»s been obrerycd when we TppEe bjFa. j« w^tfr 
Taftes and SmeUs, it 15 needlefe jto Jay, that Sounds taken f^fi we^r* 
(n the former Senfe of theXVorfJ, ciuinot be defcribed, Z-jt ZiVH 
•no/ known ai;iy ^ther Way but.ty JExperienceu 'Where- »ord, 
foise we fliall treat of it ^lesc only -as' y%a't^ in thsjiu?tding 
bodies or in the, ^ir^ y^hi^h wc call Sound. , 1 i 1. 

, 3. Arifi^tU has (j) a Chapter particularly upqn;XK^««\A(«fi»- 
Subje6l, \%chercin he aflerts, that Sound is nothing' e&t bui ffi^'^ 
the heal ]kbiion-fif certain Baftes^ arid of ibe ImdiHtn 
^fifiied t9 the Ear \ and that We may be lure that this.i^ 
J2s Notion, he jrepeats it above twioity times. » 

4, 1 take |>prticadar Notice of that extraordinary Care 4. Tbt m» 
which Arijiotte .took, to ^ake U3 undrrftand the.Notiofi ^^^^ffi^ 
lie had of the Nature of Sounds For though he repeated it^l^J^ " 
it fo often,, .tljat it may feenj trouWefometo fomc Rea^ 

ders i yet I firtd, he has not faid it oftdh enough for foixje . 
-Others, who profeffing to follow his Opinions in bth^ 
Things, do notwitWbnding believe that Sound is a Qua^ 
Jity different from local Motion, 

5. There are ibme, who, to niaintain this Opinion, j^^^ 
and confute that of Arijl^tle^ fay, that if Sound he no^ jitafitit^ 
iinn^^{ehutlfi€al JHotion^ it would follow, that in mo- ^'«" /«'• '>• 
ying our Hand, for Inftance, we ought to perceive Tome 

Sound J and there are others who affert, that according to 
this Notion, it muft follow, that a Bell which is heard 
|wo Leagues every Way, muft move the Air fo far all 
round, which they think abfurd. . « . 

6^ However, thcfeObjefiions are. of no Weighty far 6.7bahhy 
as to the firft, it proves no more than this j that Sound f^T^i?**^'* 

' * ' . /» differing 

from Aril- 
, (i) AQbtfter ftirtifkhrif M^ntbiiSulyed) Ch«f« Tui. Bcpjc 2« Coo* code* 
•ccroiog tjbe i^«i^ 

N 4 ^ does 
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does not confift in all Sorts of Motion, and efpedally 
not in fuch a Motion as is given to tlie Hand wten it is 
moved ; which bideed is very "true. And as to thofe 
who think it abfurd, that a 5^//fhould move the Air fcr 
two Leagues round, tKeyjudg^ of Nature only by their 
own Prejudices, which are no Proofs. 
f. ThMt tbt -7-1 muft confefs indeed, that feme Force is required tp 
M^tS^t^ put f MJifs of Matter, which is extended two Leagues round 
^aufsa'r^ ijfi Motion ; But the Effeft produced by the Bell is not fo 
that Motion great as we may imagine : For when it moves the Air in 
Te^utstltQ *^^^ manner, ( i ) it only afts upon a Body, which was in 
produce Motion bcforc as it is a liquid Body. So that it does 
S^nd. not fo much aft upon it to give it Motion, as to deter- 
.mine that Motion which it had before, in fuch a Manner 
as is proper to produce in us the Senfation of Sound. 
8. n^bat.it $. I fay further, that it is not fo diiEcult as M ima- 
*A^^"^ gined, tocaufe fuch Sort of Trembling in a Body which 
fuefomBo-^^ every way furroundcd with a Liquid: Experience 
din w Afo. (hows US t!his in a large Anvil, ( which doubtlefs is one 
'•'^*y^j^ of thofe Bodies which are not apt to ht put in Motion ; ) 
I^mvtd. ^^^ w^ ^^ i^ trembles upon the leaft Blow given it by 
the Hammer j and we' njay ohferve*, that if a few Grains 
of Millet be put upon it, and it be ftruck on the Side 
with a moderare Key, according as the Sound is more 
or lefs, the Grains of Millet will jump higher or lower, 
and change their Place on the Anvil. Now it could 
not caufe this Motion in the Grains, if it was not mo^ed^ 
•itfclf. 
^, That 9. And to (hov^ that Sound conjijls in a particular Sort 

^outtd an- ^ Motion, we need only confider,* that it is always pro- 
^^tltatnr^i duced when we ftrike our Fingers over the Strings of a 
*/ HAi^uQn Lute, or when we ftrike againft any hard Body. N6w 
^'''h* to ftrike the String of a Lute, or ta ftrike any hard Bo- 

dy, is nothing elfe but to move the String out of its 
Place, or to put the Body in Motion. And it is very 
abfurd to think, tis the Jri/lotelians do, that the Confti- 
tution of them fe altered, and that we make them to 
acquire fome Heat or Cold, fome Drynefs or Moifturc 
which they had not before. 

(i) ft only 0EIS upon a Body,) foandJng Bddy, and therefore more 

The Motion which is in the Azr be- eaiiJy yieidiag 10 it then if they were 

fore it is moved by theScuuding Ro- at reft > juft fo many ought we al- 

rtyiConJribuces nothing at all towards ways 10 thiak arc ihbved the contrary 

producing Sound. For as many Par- way ; aid for that ReaibJi refift the 

tides of Air as hjicajre, tending che Bcdy in- M^tioo msre than they, 

f^&ie way as they are Impelled by the woulo do if they were at r^ft. 

10. And 
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10. And tHs is confinhe<Lfrom hence, that if the Ear \o.A?rvf 
be tickled in the infidc fo as to make any Impreffion ^pon^ J*^'*** 
what (i) the Phyficians call the auditory Nervesj we find^'' 
a certain Tingling. ' Whence it is evident, that it is the 
fame with the Senfation of Sound as with that of Pain ; 
and both the one and the other fliows, that by the Ap- 
pointment of tbe Author of Nature we are made fo, 
that when certain Nerves are moved after a particular 
Manner, vte (hould have a particular Senfation. 

if. I caa^t omit here an Experiment which is often H.^tacW 
made ufe of to divert Children, and which wonderfully iW* 
confirms tUi Opifaxm. They put a long Thread through 
a pair of Tongs, ^ and wind each End of the Thread 
about their Fore-^gers^ and then flop both Ears wHh 
thofe Fingers ; then moving their Bodies backward and 
forward, thiey toTs the Tcmgs in the Air, and hit them 
a^ainft the AndircHis, or any other hard Body. Now 
tbbugh'thofe that fbuid by, hear but a moderate Sound, > 
yet the other hear a Sound as loud as that of a large ' 
Church-Bell. It is tmpoffible to folve this any other way, * 
bot by faying, that the Motion of the Tongs ihakes the 
Sicring, which gives itslmpref&on to the Fingei^,.and tbsfe 
move the I^uts of the Ear, to which they are applied, and 
by thisr Means the Nerves of the Org^ of the Ear are 
aflb moved. 

12. Being afiiired that Sound confifls only infime Sort n. jt Mif* 
^ of Afotimj all that remains, is to detcrraiiie wA^ / Sort ?f 2*|^^"* 

Motion that is : And here I cannot agree with Arijioile ^5^^^^ 

who would have Sound to be the Motion of a Body that ofSowd* 

is hard^ poliJb*d of^d concave ; for it is certain, that there 

^re a great man/ founding Bodies which thefe ; Qualities' 

do not belong to ; and alfo, that there are none of them . 

in Gunpowder when it takes Fire in a Cannon, which 

yet makes fuch a prodigious Noife. 

13. Some perhaps, out c^ Zeal to this Pbilofbpher, maV jj. 7^ 
attempt to ddend his Opinion, by faying, that if thofe w^«^^^ 
Qualities required by him in a founding Body, are not-^*JJ^*-^^ 
to be found in -the kindled Powder, nor in the Air luwvt, 
which is fhaken ; yet they are in the Cannon, upon ^"f^ff^C 
which he would make the Whole of the Sound to depend. 
But without amufing one's felf to find out Reafons 
to confute this Opinion ; it fhall fuffice to alledge the Ex- 
periment of what the Chymifb call Aurum Fulmnans. 
What they call fo, is only a Compofition of three Parts 

: f I) 92# fhyfitUm cttUtU oMdiuiiy Hearinf and its DeffHption, Sf Re^ 
Ifervts) Coacenuflf tb^ Or^aa of iitPkyfB4chytiUI't^U*Ckaf.y\. 

of 


ram Fulmi* 
naai* 


t$4 ZQfJSc4Vl'^^^Vf7^M Rrfr^ 

V ... .' .^t^f TflptV, bc^ ftgW^dy^ini* Jtovt »ijti«ei 

lipon Si Ci^fi^iiQi oi Fire 5 ^l>eV:ti«Poavl^^v^growr 
hpt gnidu^Up;, a^ he atoiK^ {1) t;&|rn«d4Atpi^ FJ^uniW' 
Wibipb difaung it fdf -cv^ry Ti?^* cvi<€l^.:/a!SiG|un4.4n^oft 
as loud as the l^qport ^i a Mv^)^ ..frdl <4)firge4* la 

. .^to lun4er the ^aw4erricQii> tjJMi^tFOTy/itiM it^s iequp% 
Iwated sdl «y(ar^ .aAd /mce tb^ 3ouadu4^J)49 ^i^W w 
yi5M?5^e aW ^thp , Airi, HvfeicJi a^e ^tlm Iwd, A^r pp^feed* 

mm^hcfiVSP<^^n. . ' 

J4,n*« ; 14. Wo cboofc .rather it© %, tbtf Sound f^oitfifc jkl 

ftrt If Uu podifs. F^r A fiQce diftinflt Cxp)j$ation^hei«of^. we nvky 

Hik. • obfcrv^ that ;^ JMw iviiWitiw -^ril; kim^mz -todies, 

a^ i)ot i?jpfeiii|in5ke^f|i($ejy ffc© •our£aiib: in ^x^r to. eit- 
cflte thf Scftfatjiwi of le^iMi, ,k\$i:fyf iS^f^^ pikfit ^ bf 
t|i)e InteFpofiti9g^rf fhe..Air ii#Bb ttoty if v#it ii^i Mi>^w^ 

W^iefore .lye jO^gfet >o jfii^d >04U:.^i!^t ibe Mot^m oC 
each of thefe are, when they produce this S$|Ei&IUW UK 

ffwtA^Srf ^"^ ^ tbf. Manner 4a which thtfimSng-Bo^ i^fmy^i 
intk^imti^>,\^ij^]^J^<4Um iJ4. which, i| it jwfMeir <o find ©Ml: the 
*•! i^.»^, Motion iftbst/fir. The far^wx gf ^fe we wiJl fir ft 
AMtoou' ^^Pi>*^ ^ ^ -^ we>^re aWe^ »/». .tib^ Mtiiiwr in whkh 

%^,Whitth€ . i^^^ And to i)^iHi wkk iht Luti^M »ny fuoh fciod of 
5<w«^*/ ri»0 Inftrument that is play^ open witfc^ Fiuigprjs^ it is tqr 

^iti/Z/iOs- ^ ^^^^^'> iiihar jh^ Stfiqgs k«ag fti-e^^h^d, arse as ftreight 
jttt^njifls ^ jg jpofliWf;^ ami that in pbyjflg upon fehem they 3a« pwl 

out of theif Ppfition, and bent a little hy the Fingers 5: 

, IjvJtasfooiji.^lhey.aji? let. gp, they teJ;prn agwn to thi? 

V Pl^cj^ out of which they, gtre mQved^ ^d tte Vebcity 

'whkhth^liw:qMHe.i^ returning^ ncwike? them go arlittlc 

|)ej5wd it J. then they coraie hack, wd go ja ktle heyood 

the PJace of Reft again ; sMid thu$ they go and cosne fe? 

ver^ times, pr have fevcral Vibrations, *Qd in this,/r^»ii- 

17, The 


Ae Agitatiori thpjr. a«^ wt JAto >y ;h«:wying of tbe tsZi'i^ 
Hair pf fi^, B9w..QYej: tbcm whicti ,is mm^ rwgh ^uid « |5«A« 
J2^^ ^pft fi^ ft-Saw, by beiog rubbed witb RcduA ^****^»* 
wjiirfj is.fo tfuf^^^j^t if the Hair pf the Bow be jubr" " 
t>ad vith TMIow pr QU, the Slariogs .>»rill h^v^ no 
S<Hind, bec^e thpy flij? UBdejr it, and firenpt ih^kcd by • - ^ 

It, '".■•..•. 

jSl The Sowd which ^ DxinJdngrGlaft wlies whexji i8- «^«/ 
the Fju^r pre^Qg hard Mjpon it moyp* ^^m4 tl*? iWpef ^^n^l^^^ 
Edge of lit, conmb in t& Vibrations Ulp^ (hpip mtSf^ GUficonJfiM 
Jtnng? of ^ Violin ; it being wiist^^h^ ^ F^^ J^ '*• 
fuppUes thcPKce of ^ Bow. . / • ' . 

19. The Sound of a Bell <:Qnfi£;$ 49 ^ T^repiblii^^ptetty 19. mat 
jnuch lite th^t (rf^heSfrii^of a Lup^: Koijjfjt isx:^1;aip, the Sound tf 
th^t the BIo^ g;vm Jj by the C%>per «1^ ^.^.«Wf />?/,••/'*' 
little, io th^t from being round, it beoome;^ 4>v^ : - Aii4 
J)eca\il^ it 16 pis^de pf IVutal very ftiff and fpri^igy ; th^ 

Part which is moft diftant from the Center, return^ ^ 
-lyi^dfr it, and fpmewhat nearer than \t ym- a.t./ii^ fo ,^ , . 
jW th^ places which wefe at the- Es^trepi^ics of ^ . ., V * 
Jon^ Diaijieter, aretl^e Extiewties of the fliwytcr ojjf j c^^ \ 
gn4 tbus the CifpuB\fe;rence of the Bel|.chai|ges its Figure ** ' ' 
by Ty^mh aU fhp jtjn)^ it is founding, ^ ./ 

20, It will be very .^y for ajriy.Qae tobpIieiAe w^t^ ao. APnej 
now faid, if. h? obi^nrps, that in laying^ his ffai^d upoi^.^ Jwf^'^'*" 
large B4l'yA when the Ckpjxer ibrikes^ai^ift iv i)Q wjV 

feel a manifeft Numnefs. »".;•. 

2|. If the Bell be very finally as the Tjfieaf^l^pg is^f§v ?J^;J^^* 
fily ftopt by putting our Hand to it, fo -ougj^t the SpujRd Cib^« ^14- 
to ceafe alfo. Aiid indeed there axe very.fmal| Bells, wiiic^ «^, ceafitu 
if they be but very lightly ftruck, will found for^ a long /^"* 
time ; but if we lay our Hand upon them as foon as they 
axe ftruck^ their SpMnd will immediately ceafe. 

22. But the Sound of a great Bell is not fo eaiily ftop- %7,.nny the 
pcd by laying our Hand upon it, becaufc it has more ]M[o- ^^^^eM, 
tiqn, and be^uie it c^n . tiiansfer fiicb- a fmall Part of itK f^^^ ^^^ 
Motion to the Hand, and referve enough to make it htfi^tP*^ 
heard. 

23. The Sound raifed by flxiking a Piece of Wood, or ^^'FT^f 
in general, any hard founding Body, confifts In a Trem- ^hmitu 
bling, like that of a BeU^ which is owing tp its Sprint /mcii. 
ginefs. 

24. Wherefore Bodies, which have hot this Propertjr of *+ ^^^^ 
Sprkiginefs, have oi^ly a ycry low and imper&A Sound z-^^^^z^i. 

And tU Swnd* 


I 

J 
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" . And this is the Rcafon t^rhjr Lead and Clayj when; they 
are ftruck againft have Jfcarce any Sound. ' 
a?. fPk^ 25. After what has been faid, it will not be very dif-. 
^^ftblf^fr ficult to determine what fort of Mdtion it is in the Air 
it is in which produces in lis the Seiifation of {Sound; (<Sr it is 
w^M SwMirf eyi jent, that (i) this Motion of the^V muft neceffarily 
^'^J*' ijg fuch, as the TicmWing of the Sounding Bodies is ca- 
pable of producing in it : that is, the Air ought to trem- 
ble, and biibble, and alfo by rifing and falling, fo divide 
^ it feff into an infinite number of veryfmall Particles, 

which by trembling and ftriking againft one another, 
muft^ have a very* quick Motion ; fo that the Air muft 
be fomething like a Liquor that fimpers and does not 
quite boil. . This is confirmed by what we fee of a Mo- 
tion very Itke this in a large Tub of Water, by moving 
a Stick backwards and forwards in it very quick ; for 
this Motioh x>{ the Stick is very like that of the Strings 
of k Lute, onlythefe are much larger and the other 
flower. 
^s.j'ufjhh 3l6. Wc may be certain of this Motion or Trembling of 
Dtmonfira. 'the Air, if We confider that the founding Body ought to 
^mJL'^* imprefe the feme fort of Motion upon it, tnat it does 
upon other Liquors. Thus, if a Glafs be half full of 
Water, and we make it found in the Manner before- 
mentioned, by moving our Finger along the upper Edge 
of it ; it muft without doubt fhake the Air as it does 
the Water ; (2) now we fee the Water tremble and boil, 
and alfo by jumping out , batter and break it felf in 
Ibeh a manner, that a great many fmall Drops "fly 4 
good way out of the Glafs. Whence we muft con- 
clude, that the Air has the fame fort of Trembling or 
Boiling, 

(I) This Ri9ihn of tin Air) For of Ac Air, do thefe, being tgititrf 

. the Parts oK the founding Bodies go. with (he iane Sort of Tremblfngs* 

ing and coming by Turps, thru^ and agitate thofe Parts that are .nc«t 

drive forward as tliey go thofe them ; and thefe in like manner a* 

Parts of the Air whkh aro next gttate thofe beyond them, &c. Thli 

tKfm> and by prei^rg upw them, being ailowe^, the manftcr how the 

conderfc them | then by returning, Pulies are propagated aJong^ and all 

thty permit the Parts thus tompttC- the other Pbsenomena of Sounds^ are 

red> to fpreid and dilate fhem«i«et very advanrsgeouOy explained. See 

again. Tho^ p4jts of the Air there. I<irwt. Phihfofb^ Prindp^ Mtabm^U 

^re which are next to the founding: Booklh Pro^^.^, &c» 

Body, go and come by toraa agree- ' (2) iWu; viefee theff^atertremhU) 

abJy to the tremulous Agltatioo of You may fee • Cafe of thia Expert- 

■ the Parts of the founding Body $ meat tery well worth obferring in 

and in the (^amt manned as tha the Notts on tbc ^%tb Art* of thit 

P4rt3 of that Body .ag:Ute thefe Pirt&. Cbftftv. 

27. After 


' 
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27. After having'fufficientlyfliownthe Motion oT the ^I'^henet 
Air, .which is necdiary to nuke us hear any Sound : It J^'^f/^" 
is cafy to conceive that the Air in paffing by fome hzrd.^iXu 
and immoveable Bodies, may move it mf fometi^ies ^Tff^. h , 
fuch a manner. Thus, when we whiftk, by blowing J^2 •/> 
into the Holkw of a Key^ it happens, that the Air which iCrfi • 
enters in, fills one half of the Hole, and the Air which' 
comes out fills the other half; and thefe two Parcels of 

Air Aiding by one another with contrary Motions; a 
great many of then: Parts muft necefi^Uy be made to. 
turn round aiid to tremble, and the whole Air which 
is betwixt him that whiftles and him that hears muft alfe 
be made to turn round and to tremble. 

28. We may obferve here, that there are Bodies, which ^J^'^/^ 
are opened by Fits to let the. Air through, and which Crgan-ptp^ 
by this means caufe us to hear a particular Sound, which 9rBAg'Pif9 
is alfo a very cohfiderable one. Of this Sort are the '**^* 
Rows of Pipes which compofe an Oigan, or the fmgle 

Pipe of a Bag-pipe, Thefe Bodies themfelves are not mo- 
ved in order topitxluce Sound ; but the Air being firft 
put into Motion, endeavours to pafs through them, but is 
forced to go out tremblii^, and fo imprefies on the reft 
of the Air the fame Sort of Tremblings as the Strings of 
a Violin do, «nd fi> caufes us to iiear a Harmony, the 
Motions of which are Trembling. 

29. And in the fame manner is the Voice of Animab ^^JBowthe 
formed : For there is a fmall Valve at the End of the ^^i/if' 
Trachea, which performs the Office of the Valves of the j^nui. 
Tubes which compofe an Organ ; which Valve we can 
contraA as we pleafe, and let the Air out of the Lungs 

by Fits, ^nd becaufe this Valve for the moft part con- 
tinues open, therefore the Air in Refpiration comes out - 
commonly without any trembling, and confequently 
without making any Noife. 

30. It would be too tedioiis to explain particularly all 3o- *^ « 
the diiferent Mannefs in which Sound is produced.* But ,„^J'/*^ 
becaufe there is fomething fu^Iar in the Sound of a Can- Nwift when 
non when it is difcharged, becaufe the Flame feems to K^'^'f^ 
give but one and not a repeated Shake to the Air, there-. 

fore it mav be worth while to explain how iuch a prodi- 
gious Noife is made. It is to be obferved then, that the * t 
Gun-powder, when it takes Fire, ( i) is lb extraordinarily, 
dilated, as to take up above a Thouiknd times the Space 

(i) h fo txtrMrdinarify Jilatedt) tion* Sec the Not$s on Pal III* 
Fvi the true Reafwfi vf tbis DUaU* Cha^, ix, Art, 13, 

Z that 


tteit itdidbdbre^ fothd^ it drives beMe iievttfW^y 

aU the Parts df the gttif&t Air wbich -was ini dits Spaxrey 

and tfatfe Pairis can find nowhere to ga, bat by piaffing. 

1^^ othsr Parts, and drrving. tbem cm IckewHc ^ ancf at 

..the fifeme tiinrtfasy ^cKvzeoiEt tbe fubtile Matter which 

iflixiflg vfith the Powder, eampofe th«: ftnfible ^fa& 

which we call Fhme; Hence it fdlbwsy that there is in 

dft Air twcr eohtnuy Motions > tfaBOneof ilrBickgathera 

together and unites die moft iid>tUe Parts^ and the 6thei^ 

dtiperie^ thd grofler ernes. And this wduld be done in a 

Moihenc, but thart the ^tEufik which is condenied all 

i^suAd, has a^Tiosdency to retum into that Place out 

of which it was driven, and tdWanU wfaicb, zftei the Vi-* 

dencerof theFboiieisover, ite own Weight forces^ it^ and 

t&at with fuch an Ittpetds, that it beranes* iHamt denfe 

efaan it ordinaiiily is y whence ifi will be vdkBed ag^n* ^ 

*j9Dutid, OF condensed anew; becaiifeb^ingntrefyed agaany 

k returnsto the Place wfaicb it had qumed ; andtlm< ii 

qmcs and take» again the fame Place .feverat timd^ ist-^ 

cefivdy ; and this is theReafon of cfadtfli^it CcMitbiuailtoer 

of theNoifeof ai Cannoir when it i» difcharged. 

^i.Thaitbi 31; However it id to be obierved^ that the Eser naf 

fi^^sJZi foAi^inses' be foitocm^f moved^ that k ntay continoie td^ 

entinues ' tteftible £»ne (bort time after the Air faaa done tieito'- 

^"^'^hUn' ^'*"8 ' ^^^ ^^^ ^^^ Redbn , tiie Sewfation of Sound 
^tuslundif 1^!^ ibmetimes cbnltinue after the Agitsflti^ti wiihoot is 
Jeif*. ceafed/ 

32. i^hytbf 3^ Becaufe the tiembling Motion of the Ah- in which 

FUfo of a ^ Soimd con&jfl», is cotnnSitnicated gradually, fo that it 

S^TAre ^^' ^^^^ P^s wWch w*e near» the founding Bbdy 

tbis^dii ibonef than thofe that are ftirthe^ off, the Sound mm 

htard. ' neoeffitrily take i^/ome time in goi»ig a)(»ig : And <b wc) 

find by Experience, that if a Cannon be difcbaiged at two 

or three Miles difiance from as, we fee the Flafii foaa 

' time bejfore we hcaf the Noife^ 

^^.whytbd 33.- And^ bieea^fe the Motion wbich is impitfied by 

&umdff^ the founding. Body upon the Air ckrfe by it, i^ traaK* 

finbk*'^ ferred from oftd Part of the Air to another fiioceffivdy,^ 

are dijfant and always paffes^^from a lefe QuMitity to a greater, in' 

^« /*• proportion t<> itd> Diiiance from the /founding Body ^ 

IHdjy therefore near the 'founding Body, there muft alwiyi 

be more Motion in a given Quantity- of Air, than thert 

is at. a grea«»i Difence 5 fo that ^he Sound oi^ht- to grow 

weaker as it is further frpm the founding Body. 

34^ TL* 


34. TJie Pvopagption of Sound ti^cy Teiy 'wdM)e('2)>34*7;^«r 
conq)«cectwith Gkttei iriuode i» tfar Waibr, b^ ^i^^^^fZ^i^ 
stStxmd intci it At^dc smibob i^ckaie URMdem a luiwr^ §1^, 
jiii^ Stream, extend themfelves further towards the hiWW **f *' '« ^ 
tibin' tiraknlk the-iapper Ftut oT tte Rcvsry becteii^ th^ ^n^', 
whde Water m.wU<ik'flwy are formed canrie^ '. 

tire that Way t SoriciDDwifeitaay'iwConoeMe^ that i^ tliii 
Wind tfanieir. the Airtowwd^oneoeita^ . 

UiilpMadoH in miuchSoimb^Kififts^ will'icioiimi g^fMK 
Waj9 than the oaBbavy^^ ' T&tii iPir Aitf^b^ E^ptti^ied^ 
that we hear the Sound of a Cannon, aftd^ in g^nfMl^ ^ 
QCho^Sonndsy (:2}:fobficr with the* Wjbdcftaffi^s^inArit. " 

thatit£iPatt.ifi8i^:il«.fimnru^asiaiit^ SdfOfdgcMy 

aiid &> wte nla3ii aotliear ic at alL 

. 3^4 BecanftrSeuxidiiB/prbpagat^e^retf^ W^^^ a$ i« i«^ 3 ;. ffw «r 
fiom ihA GbitsTto tlit SupMde^ of a Spbe», il ifUlf ^ '< 
fo faaj^pen^ that thr Parts, of the: Air wUeh^wduld' c^lfih * 
Biunicate iteir Motioix to^fitth^^ ar& a€ atgi^torDiftsUti:^^ 
jbav ntttet Same* harct Bbdy which tbey^caiinot Aabtf ; 
and this may cauft: them fome Way to be receded fiaickf 
again, and make tbcm^ ODiimiankafe dbfi^ Mc^nr f^^ 
to thole Parts frina^ wdutte thi^ rdcdvoci if^ amdlfhc&49(^ 
others^ ib that dierei wiltbe asHew Tmxi&Ung' df tfid^ 
Air inftead of that which b^an firft, and hath alrea:^ 
eeafids for feme Time : Confequentlf \»%< tkif hear ^in 
the fame Sound which we heavd at &ft ; andthis rdd^'^ 
kd Sound is what we igalTan £<£q9» 

36* if the Sound meecs wkh^ feveiral Bbdte9 at diflerent' 3^* i7<^ ^ 
Difiance^ which are capable of lellefting it- badk again^ \ fl^atlvordt 
if that which retucns^from' the jitoft dii^lt Pliice ftrHto-^^^^y^/ 
upcxi the £ar^ after the imprsffion of* die fonher i^rfliumi^ 

(i)4^imptndwitBCmitfwmhfn iitheStfingrolfi a.V2olIa> ft#a«g!- 

f^ Heater) If the Water be pat la Uttd > but alio to bcpro^a^d ifv4> 

JMbtioA, by thrbwiog lo a Stone> Cfrcle alTWays fiom the iooading^' 

M^by moving nor Fingar or » Stick- Body as thtf eommoii Cemtf. 

backivard and fi^iWard in U« the (z) Soettrwr£tbf9tfiaitbt0t d-^- 

Waves will- immediately furroiifld ^/t/n^ i>) The Gentlemen ait Fyoz-^A^a 

•tur ^ingd^ and ir dtiriJigr th« Agi. thoegKt they had found {>y certain 

tka it be.'ttitied ftteigbt fUrV/ir^ Experiinents, thaf^Sooitd is' prdpagy. 

tawards- any Part witlio)it tumiag ic ted with tlie falne Celerity-agali^ ihtf 

roaody yer thefe Waves> as i/ tlMy Wind, as with it^ though' mud^ , 

%iereconeeiitnekCirclc!te,. \idllbee-. tnorh faint. ^xf&, Acad. dtl'Ci^ 

^ii«Uy.prQpagated«vetyW3y;wlikk miu», p, 140. B«it th^ iMtifllriotii^ 

Cosoparlfon dtfet very properly ihow MK Dtrhaik iowaik it qidiiBirWifB iiK 

m> that tl)e ttemalous Amotion of the Exfieriments made at a much ftreatfft 

Air ooght to be propagated not only - ASftahzff, Sfv^^Ff^dfo^biidrffdnf- 

the fame way that every one of the affiant, Numk, 3.13* 
Ipaftldcs 9f the ibandipg Body, fuch 

quit; 
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quite gcme pff, , it rmiSk in its Turn piX)duce a new Senfa- 
tion of Sounid. Whence it is evident, that ,we majr meet 
with EMs vrhich xepeat the .£une Word feveral times 
over. ' , 

37.»T^*# ' 2T. According to the Indiiation with which the Air 
j^X ^« ftrikes upon the Bodies which icfleft the Sound,-ought the 
not simsji Reflexion to be on the oi^e Side or on the other, which 
?*L/^ , is the Reaibn why there ai^e fome Echo's where he who 
Meho. * (peaks does not hear the Words that azie repeated, when 
others who are at iome Diflance from ilim can hear thent^ 
repeated diftin<Etiy.. 
3S. fnat 38, As. to the Difil^rexKe of Sounds that we meet with, 
*sl^frT '^^^'^^ conftitutes the diflFcrentjS^xadicsof them, as jRfa/x 
S(mnd €on* and Sharps ;. the mufical Inlhuments fufficientlyihow us, 
/ifi **'* that they confift in the difierent Motion 1x>th of the 
. . founding Body, and of the Air which is agitated by it. 

For the more the Strings of a Lute are Jlraimdy the 
Jharper the Sound is ; and on the contrary, the loafer the 
Strings are, the more flat is the Sound. Now it is cer- 
tain, that the more a String is ftretched, the fwifter and 
more fieqi^t i$< the Motion which it imprefies on the 
Air : whence it follows, that ajharp Sound coniifts in 
the ^Minefs andjn the Jiiddm^ Reiteration of the Motion 
upon which the Sound depends^ and zflat Sound confifb in^ 
i&iQ Slownefs. . ' 

39. Btmffi^ 39* When two founding Bodies ftrike upon the Air at 
^''^"i^T^d ^ ^^^ time, they muft imprefc fuch a Motion upon it, 
7^eiher!^ as is Compounded of the two Motions which would be 
caufed, if they a£led upon it fepamtdy ; and confequently 
the Air oi^ht to put the Organ of Hearing into iuch a 
Sort of trembling Motion, as may raife a Senfation com-^. 
pofed of each of the Senfations which, the Bodies, would 
raife feparately, 
4o« ^*' 40, And it die Motion of thefe- two founding Bodies 
f J/^. ' do fo exaftly s^ree, that the Tremblings which they caufc 
in the Air In a given Time are commenfurable, that is, 
at the fame time that the one ftrikes the Air, the other 
ftrikes it alfo, or at leaft, that they ftrike together every, 
fecond or third Stroke ; then the Ear will be fo uniformly> 
ftruck upon, and in fuch Meafure, that it will perceive 
the Diftance, and be pleafed with the Cadence ; and in 
the Strokes being thus commenfurable very probably con- 
lifts thofc Concords which Muficians gall an Unijon and 
O^aveyaftfihMnd aThir/. 

41. On 


.Cha|l 26. 9f NaturcA-l 'PHtL-oanDfiH y. j^ 

. 41. Oii^the contrary, if the Treniblu(ig9:imprtfled»ofl 4i* Hn>y 
the Air bjr tie Sounding Bodies be incoramen<WAld/thai{*^j[?^^ 
is, if tliey do'not agree in Tinafe nor firike t»g(tl(er;/m 
muft perceive the Inequality of the Sound \ and beoiulc 
they do .not moYe the Ear tinifb/mly, ^bey <&nnor pro- 
duce any Harmony ; and in the Strokes being thus in*- 
commenfuiable, confiih very probably the Tmis which 
Muficians call i)^or^x. . • 

42/ From wlat has been faid concerning the Motion ♦«• "Tbauu 
imprei&d on the Air by founding Bodies, ipriic Perfons f]^^,^^ 
perhaps may be apt to think that thofe impreftd by the String ^ 4 
Strings of a Lute are not equal j but quicker at fiift, and ^«'' ^^ ««^ 
flower as the Motion ceafes.; but it is not vtiy difficult to %l^tb^ 
ihow that the contrary, is true, if .we obferVe,. tliat the tUfrfi^ 
Motion of the String when it almoft ceafes to jbe agitated j, 
may be made up by the Shortnefe. of the Way it has to 
go : So that iil takes up neither more nor lefs Time ixi 
making its fiift ^nd longeft Vibrations, than jit does in 
making its laA and fliorteft. 

43. There muft indeed be fomie Pains reqtiifite to prove 43- Of tbt 
the Truthof this by Experiments :, For it is imt^ffible to ;^2^ ^ 
do it i^thft Strings of aLute, becaufeof the fiodl.Time 
that tlK^.take to make feverai hundred Vibrations' in. But 
becaofirthe Motion we axe fpeaking of is ve^ like that 
of a fVeigbt hangiag in the Mr at the End of A, Strings ^i5e 
may imagine, that what we obferved of the Motion of the 
. one, may be equally applied to the other : Now we find 
by Experience, that if this Weight be drawn from the 
Perpendicular, and then let go, fo as it may fwing freely, 
all the Vibrations till it ceafes to move at alU will be made 
in the fame Time. For if we will be at the Trouble to 
count how many 'Pulfes of the Artery there are ih the 
firft twenty Vibrations ftippc)fe,we Qiall nnd as niany in the 
twenty. following Ones, or in any other Twenty, which 
you will : • Now from this fmgle Experiment we may con- 
clude that every Vibration of the String of an Inftrument 
is made in the fame Time, and that the Laft take up no 
more than the Firft. And becaufe this Experiment is 
very eafy to make, and is a curious one, and may fcrve 
as a Principle from whence many important Conclufions 
in Mujick may be drawn ; it is worth any one*s while to ^ 
be at the Pains to obferve the Motions of thefe Pendulums, 
»id to put feverai of them in Motion together. For we 
fliall then fee, that thofe which are of an equal Length, 
and alike ii> every pther refpedt, will perform their Vibra- 
tions in the fame Time \ and that thofe which arc of dif*- 
, Vol. I^ O fercnt 
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flSrdrft Leqgtfa»9 itquife ffifierent Tioies^ 9»s« the Shorter, 
IhelcfrTlmit, fe that ttek Vibtadons/vriU be to esdi oi* 
thbr (^) in t i)6dprocal Pvoportion of the Square Rdot xjf 
tiltfif L^fgths I and thus what ive have faid of the comr 
idiai&fdbSlkf of Sounds and the Concords of Muikk, m 

conftrtiled. 

44. From hence we may alio deady apprehend faonr 
sSmtf 4i'ferent Sorts of Voices- are mad^ a|id why the fame 
"f^ctcesarifi, 'Mouth n^y caufe by toms a (harp and a flatSound. The 
^ ^^ '^ Reafon of which is^ that the Epiglottis which is |dkced at 
ctiUrMorg the End of the Pipe through which we breath, and which 
generaify opens to gi^ a I^d&ge for die Air in onier to fbnn the 
V^ifertian Voice, may be lifted up and let down at IHeafiire, that 
rJumi^tt, is , fo 'as femedmes to be altogether and from its 
Robts open, or (hut, and fomedmes in Part only. Now 
that which can be. lifted up in fuch a manner as this, by 
Turm, and as it were with atiembHng Motion, to let the 
Air out with the fame f<>rt of Motion, refimUes zPgu^ 
dulum ; whence it follows, that the Tien^ings of the 
V^ke muft be fo much the quicker, the le& the Epi* 
glottis which r^ulates the Motion, is lifted np, and on 
the contrary, they are the floweft that canbe^ when the 
Epiglottis is at liberty to lift it felf quite up. Upon this 
Flexiblenefi of the MpigUttis depends aD the Variety of 
Tbnes of the Voice ; for the Air which comes out of 
the Lungs being difierendy agitated according to the^iif* 
ferent Pofition of the Epigioitisy impxefies the Motioa. 
It feceived as it came out, upon the external Air, which 
ftriking the Ear dif&rendy is the Caufe of all that Diver^ 
fity wliach we obferve in Sounds. And -faecaufe Oiildren 
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the Number of .Vibredoiif ia a givea 
Time are compared with each other* 
Bat If the Time* of tbe'^Vibratioiii 
bepofpfwrcd togfther (which i»the 
better Way) then we mult iay, that 
the Vibrations are to xach orher> as 
the fcfwct Roots of their tlugths 
^ireahf* As mikj be i;hn dcmoQ* 
^ated. We fuppofe that the Ac- 
<!6!eratioa of heavy Bod'es in falling 
it fucb, that tlio Spaces they run 
fhroo|h. are (he Squares of their 
Times (which ihall be demonllra- 
ted in Its proper Place. Set the 
. Notes M pan II. Chfp^ xnfiii. j4i/. 
16.) then if we imagiiie fimilar Arcs 
of unequal Circles to confift' of an 

atSqlU Number of 6t4» fif ^Utr 


Polyims, and that they *R ia the 
fame Poiition with refpcA to th« 
Earth j then it is evident* that the 
Sqoarc Roots of the Atohes, or bi 
the Spacot run throu'^^ and lor the 
fame Reafon^ their Radius*8 or the 
Length of the String^^ wUl repre* 
ient the Times of the Defteot oC 
Pendulums ; and becauie rhe tmpetm$ 
or Velocity in afcending; | is evident- 
ly defhoyed equally in the iame 
mxaatt, aad in the fame tiae as it 
was acquired in defcendingf there, 
fore the whole Vibrations of thcle 
Bodies muft neceiTknly have the iame 
Proportion to etch other, as the 
Square Roots of the Leogtha of thr 
Strings* See the Note* M Patt II* 

C^^/* axvHl* jirt* 16; 

havo 
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hasm goneoaAf a& theP^rndTiBarfiddu iircfU^^ ' " 
to their £Ugnd% ^ ia9tik(fiead^ tl^ ; 

than in gsxnra(Bbfil»9 shcvffyok' tke^okse is ^imeislijh 

- 45« Aad aihcigddheris isafy iB<h4oiiocobntlair>ah£xp»*745.9^<^* 
jtiioent hHrbtdh at (Ar& ^kt has ^vapi^oBU- a gisat ixmf.^^ jfj^ 
Perions ; which is, that if two Strings of the fameIiutJv*5/r»^i iJ^jf 
•r of diflejmBLt Ziutesuhxt sie nftartobet£UK>ebel^ i)e.C&/« mt^mu^du 
finL^ vk caooot moms the oiie, \ i^ jw ie^odier wiUfeiiadi 
alfi>,at k>fttti^iHiixntiUe<; v^fbttk t^iUnbt ^^^ r^ 
at all, a we mone'iusy xxfcer String neal- k^ «»iboii i&oiot^ 
zGmcwJ^ )ih>w the Jjteafon -€# iMs'£^apu^^ is^.^that ' . i 
the Stcing^ :wBok^ >aie CmdorJs^ am capaUe df the ibmD 
VihratbiB S' A ^t bfae iilr Whkh is fut in M0tvin.\kBf> 

f ions to 43he olhojb ; wioeh icansMM; te ^in'two'Sb-io^itlpift 
wit votUmfms $ «&r tbeie is w> lAjg^m^t iot tfaemv be^ 
tade th$ Air ivAioii is put iil Modoli bf the x^he^. doM 
1^ IGad the other lat aH 4HpoM to i!eoeiv£ its Motsoa^ 
tod rmj ^tapoke, 'COCoBipt the fMl, is' o«t of Tim^,' Kb 
that by^ not >agreeiiigJtbe3r 'deftvoy' each^other^G ij/ifspak^ a:; 

<4^. Tiiis Exiperiitieiit has AMfedidfie ASmintion iof Jiia^* ^'J^^^^^^ 
ny Perfons for a long time, and fome hav^^ttwioicalDeb to to7ef(SJ 
account for it, by faying, that there is a Sympathy be- »« ntbtr 
t^^neen the^w^Serin^^ tut, be&letfaat.this is.oalyAWw ^^^' 
<)5F fpeaking, we inay obferve, that tfeDifpofition v^iAi 
a Body has to move, wbca th^ A\x is.fliaJ^en by another 
Body, (2) is to.be^ound in othetThihgs ad weUasin the 
jStrings of a Lute, or othor Mufical Inftniment : This J 
Jiatt experlencwl in the late W;^, ^eA I have tAfei^ 
ved the Glafe- Window^, to tremble very fenfibly upon 
the beating of a certain Drum, and at the fame time 
nivoukUiiot trsmbfas at all '44>^ the^ting of others w&iqh 
wci€ much louden 

(I) vAilr $i» c^ vfiH^mi^) 44k lifturtbrt W^ W^Hm^ ^ 

5o Jtkewire af two GUfleti by fuN cfi j -uj^'a the difchArsinS of Can- - 

ting in a proper Quantity of Water^ nons^ he Uibughc himftlf almoft 

<bc made UoHmi*; Che prdfing Mir IhatMicd andtorn to PitcM $ a*d df 

4fins<r htrd^p^n the^clgie^sd mdr- another, tlwt Jipon feii^liHK * f^ 

ing it round either of them , will of Iron wi^ a Knife> he could not 

malte the Water in the other c«rl> hold 'his Water; and of a 'fhinl, 

.SJiddaiice about. that npbo tearing thick Papte hia 

(a) IstoAefiutkiifi^tbti-TJkmgt) Oodta weaM hUcd. ^ubit^^afjf 

^aa Mr. Boyit rclatci co^wcrnio^ a laB^tfid MoUoiu 

1 ' 
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i^ft r:RO HAULMS Sys/rEM> . Paitl; 

A^t^Wbatii ! 47;?To thefeiSort/of.Motions, I dojicrive we may. 

'iba^AnS' afcrlhc the Caofeof a certain Shixjfering^ which we fom^ 

itg which times feei all over our Body^ and, wfakH .reaches even to 

^ff^^P^oat very Heart, when we hear the Sound' of a Trum- 

ilSn^^' ' V^9 * fuch Idnd'of Inftriimeht ; For It may be that the 

- Blood' is fo dilpofed,"as'to yield eafily <t6 the trembling of 

. /[the Mr. ' '•/'■■ • 

4a.ib««w. •' 48. And becaufe the Membrane of the Ear, which i$ 

fi^s^iH' Jiioved: by the A^tatibn of the external Air, the 4if- 

iiv*,feat' fe^entihaking of which caufes different Motions in tfas 

to bear €]apillaments of the Nerves of the Ear^ is fome^hing 

P^lf" like the Parchment of a Drum (artd is therefore by fome 

called the Dr^m of the Ear ;) I am of Opinion, that it is 

capable of being more or lefs ihaked, accohli^ as it k 

more or lefs ftietched» Wherefore I can eafily perfuade 

my .-felf, that we fometimes ftretch or loofen it, . in . or-* 

der to receive the Impreffion of the Sound more (erAv^ 

biy, and to make it the better agree lArith the Motion of 

the external Air : So that Attention confifts in nothing 

^ dfe/but in a due ftretching or looftimng this Membrane; 

and-JKeping it in that Pofitida in'wh^ it will heft. res 

**' ^ "" ' ceive the Impreffitjn arid Motion which the Sound gives 

' to the external Air. . 




7 .CHAP, xxyii. 

Of Light and Colours^ and of ^ranfparency ^ and 
s ' ' - - Opakenefs. 

< . J . , .. . \. , * w 

I. rhtfrji it F in any Thing Exa^efs be requircd.in the Meaning 

Snifeofthe 1 of Words, in order not to be furprixed by any Equi«- 

aJdCt^t! vocation, it is principally in this of Ltght and Colour s^ 

wRich are commorilytifeAtto fi^ify very difierent Things, 

* ind generally confounded by riioft Men . . Firft then it is 

^obe obierved 5 that ^ we have giveii tJbe Name Pain to 

^he "Senfation, v^Hch is raifed in ua^by a' Needle when it 

jprie/cs lis ;' io likci^ife Ilav6 we giteri .the Nan)e Light to 

-tLat Senfation which we have, upon looking on the S^n 

''or % Flame, and that of- Oolouf^Vd the Seiifation raifed in 

us by diverfe Objefb whTch W6 catl^oloured ; thiis in 

particular, we give the Names of a IVhite Colour and a 

^Green. Colour to the S^nfetions which Snow or Grafs u- 

fually produce in us, " * 

2, Secondly, 


Chap, 27* ?/^NATURAt t^UrLOSOPHY, 197 

2. Sjpcondlyi.By thefe Words, Li^ht mdCofmr^ ^^s^r^ 
alfo underftand, that on the Part of the extetnal Objeftis ^^Jiugbt 
"which is the Caufe of excitmg in 113. the forementioned Mnd Colour^ 
^nfations : Thus by the Light of the l^fune, we mean 
fomething, I know not what, which occafions the Scn- 

fation of Light to be excited in us ; and by the IVhifimefs 

' of the Snow, we underftand forae other Xhing,^! IcnoW 

not what, that is the Occafion'of .bur having the Senfa- 

tion of Whitenefs. ' . \ 

3. And becaufe jthe Objefls which we call luminous^ 3; ^ '^'«' 
fuch as the Sun or a Flame, do riot iffcft Our Eyes im- ^"{^^,^^, 
mediately, but aft bv,the Interpofition.of fome interv^n- 

ing Bodies, fuch as Air or Water or Olafs^ Jret that wKlih 

is impreffed on thefe Mediums, whatever it be, is called' \\ ' ] 

Light alfo, but Secondary or Hmvaiivfy xo diftinguifh it ... * 

from that which i$ in the luminous 'Objefts which is c^-- 

led original fit inftatt. , * 

' .4. We cill thofe Bodies Transparent j through whic^ f n*Mean^ 

luminous Bocires aft upon our Eyes to raife the Serifltioh JJ^^^ ' * 

of Light, .and , through which We can alio fee CblOursy. Tranfparut 

'And we call thofe Bodies Opake which interrupt the Afti- *"^ ^/'^ 

xyn of luminous or coloured Bodies, or ^hpough which We 

cannot fee either Light or Colours. • ' ' ' - ' , 

5. I do not pretend to declare what Light and C^oufs S« '^i>attbe 
are in the firftSenfe of the Words, but leave it to'eyerjr f^^"^^. 

, one to make them clear to hiihfelf by bis own Exji^ri- tour cannot " 
CTce ; for I think it as impofSble to giver another perfori ^ de/cri^td, 
a true Notion of .that particular Senfttion that we have of 
Colours, as it is to give it to one that is bom blind. , 

6. However, I may venture to affirm, that as it c^- 6. tiat ent 
ten happens that the fame Food may at the lame time ^Ybuob^ 
raife different Taftes in two difierent Perfons j fo irmay J^J, ,^4#. 
alfo happen, that two Perfons looking in the fame man- charity ra$fi 
Tier union the fame Objeft, may have very different Sen-'*'-^'*'*^*"* 
Nations ; and 1 am the more penwaded or this, becaufe ^/)^e«f/»ir. 

I -have experienced it in a particular manner my klf.fint. 
For when I had once quite tired and weakned by right 
Eye by looking intently for above twelve Hoiiri^toge- ' * 

ther through a'pei-fpeftive Glafs on a Battle betwixt two 
Armies, within a League of me ; I found my Sight fo 
afFefted afterwards, that when I looked iipQii Yellow Ob- 
jefts with my right Eye, they. did not appear to me as 
they ufcd to do, nor as they now do to my left Ejre: 
' And, v/hich is very remarkable, I do not find the fame 
.Difference in all Colours, but only in fome j as for in- 

O 3 . ftance 


ipg R0HiJ,l^J^.X'^SY%T9n Part*. 

ftance.in Qroen^ viAch apmrs tojnir. to. come ntU to 
9 BItf«^ when J Ippk on It witn my rigbt Eyt. This Ex- 
perience makes Hje believe^ tbat thecemajr be (bme MeQ 
born with that Di^;)bCtioh, whkh | at gfefent have m 
pne of niy Kyes> and which may continue 2JI their 
Lives, and perhaps there are others whofe £y«s are ef 
thelarrie Dlfp^^^W ^ih my other Eye, However, i^ 
is inippffiblc, cifher for tbemfelvcs or any other Perfons 
to perceive it, Becaufe every Body accuih)m themfelves 
. . to call the Senf^tien which a certain Objeft piroduces 
in him, by that/Name which it ufually goes by j which 
• ' y^i being common to the difiercnt l^nfations tl^ every 
p^ip nriay poifibjy. haye, is not the lefe ambig^o^^s• 
7.Atiitotk'* 7.,. Before 1 cpme' to that Enquiry which I dcfign, w> 
^tUbt ^^^* ^'^^^ is»,and what the Colour of Obje& is, which 
'^ '' is the principal Defign of tliis Dilcourf^ ; 1 obfcrve, that 
Arijloile has treated of the (ame Suhjcft, in the jtt 
. ^ CHapterof his. Second Book Concerning the Soul i where, 
after- having (aidi that Colours depend upon Li^ht in order 
^^ to their being fee;i, he concludes, that thefe two Qua- 

. ', lities ought to be explained together. And in order to 
.determine -what Light is, he fuppofes that fome Bodies are 
'iran/parentj fuch as Air, Water, Ice, Glais, and fiich like. 
. , ^ And. becaufe we- cannQt fee through any of thefe Bodies ii\ 
\, • •. . ;. theNight> he fays^ that then they are in Power OTihf tranfr 
'! 'fareni\ihi that in the Dav-time they become aSuallj 
,1 . .^ .{Mnjii^rent ^ And becaufe it is Light alone that can bring 
■;tins, rower into , Ait ^ he conclude, that Light is theJQ 
of a iranjparem JBody as tran^arent. 
J.. Hit Ofi- ^ o* As to Colour^ he obferv^, that fifice the Objeft in 
Vfw obiuf which it is^ does, not apply it felf immediately to our 
Eyes,; in order to jaife any Senfation in us, it muft firft 
i3iov,e the J^f<?^/«;w 'which is betwixt that and us ; and be- 
. caufe it cannot Be 'perceived through Opake Bodies, nor 
can it be feen tftrotigh thofe that are only tranfparent in 
Power J he concludes, that Colour is that which moves JB#- 
dies ivhich are actually tranfparent, 
^.ibatb, 9. Though Jrijicke \n the forecitcd Chapter, has not 
*!'J^y'^^\fearchedthis Matter to the Bottom, yet he aflSrms, that 
plaiMd^' ^ has fufficiejitljf explained what Light^^ and Colour^ and 
nhae Light Tranfparency iioi^ and iqiploys almoft all the remaining 
andCohtr^ Part of his Dlfcoiirfe/ in refuting the Opinions of fpme 
Phildfophers jtha^ were before him. However he adds, 
that Light is riot Fire, nor a Body proceeding from a 
Luminous Body, and pafling through .a tranfparent one ; 
but only the Prefence of Fire^ or any other lu7nimus Body 

zdtb 


with .thf^t^ttftjoreat B^- But upon coi^Jijetjiig. fha 
Opinion,' X.uit no reafon to be f\3[y (at|sli8d wTth it, ^s 
if it could not be carried any (iirther tli?in ArtJlptU \^ 
done, <x at feaft, th?t it cannot be more d^ftin^Hy ex- 
plained. For it is certain, we axe ftiH at. ato:^ to fincj 
out raore particularly what the Nature of traiirpdrehic 
Bodie^' and alfo what the Nature of lumtnoiu Bodie^ 
is ; and further how: the Prefence of tht i^atttr iferates m 
tki other, tQ bring ill Power ^ate A£l j arid h&. of all, 
wi»t tiat . is which move3 a Body that is a£tuaiiy tranf- '\ 

favmt. - ^ ■ ^ ' 

iQ. This fomc of the Comment Je '* **f 

iave acknowledged ; and though thi id JJ'^Sj^T 

fbms bight from what he has (aid in |4 itf^ » 

particularly from (i) the 6ift of the E rt 2!Jfc2 ■ 

they have either overlook'd what I its q'^,. 

Place, or at leail not rightly undei w 

have advanced fomething wUch it does pot a^>ear thaf: 
AriJiatU ever ihoujht of, vix. that Light and, C'aiwr'; ia 
the Ofajefts which we eall luminous or coloured, ar? 
, Qualities exa^ly like thofe Sienfations whicli Hiey ocqi- 
fion in MS and ( as Come of them contend] they ariJe 
i^fo from a Mixture of Hot and Cold, of 'Jity anij 
Moift. And for Proof of this {beftdes their thinking, 
that they have ArtJhtU on their Side) they ^fErm, that 
it wciuld be impofSble for luminous or ccuoured Sodie^ 
to cau& thofe Senfations in us which we feel, if there 
were not in them Jbmething very like what they caufe 
us to feel -y for, lay they, nothing can give yfteA. it ^ 
|iot. 

II. But, bcfides that ArlJiatleYas (aid nothir^ pofi- "• ^ 
tJvcly concerning what they have advanced. Authority '^trnU 
Hands for notliing, when we are in(]uiring after Reafons wtor tiw/ 
only. And as to what they pledge, it will appear to be '^'^' 
only a mere Sophifm, if we refledl ever fo little upon 
the Pain which we feel when we are pricked by a Needlei 
for this Ihows us^ that it is not at all impolTtble for an' 
Objeifl: to be able to excite in us a Seniation which it felf 
has nothing of. And this is ftill further confirmed 
from hence, that two Men may fee the fame Objeft' 
diferently, as was before obferved, I my felf feeijig Yel- 
low differently with my two Eyes. 

(i) Tit6ijltflbi E!rtiaib Sfi- Mr]' much fot tkc Propipticiii of 

Hw) Wine, »fer ktnae propoM tigM hi Airisl>' l^nefc flw itr 

tbs Qicrtbn, »If "< c*"" /" '''■'1 t* lU htttr P£ft tf OtJph 

(bituge ai ^f-'^' Body. He (ctuEi jtrt. tf ibii Cbepir, 
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- 46o J^ Xa.K^rft/'rr'i System' ' Parti. 

»i. nttit '-'^ ■ *''*i^ Which nioff; evidently fliows.that iris not 

M m tTM4. ,^ ^^^ (houM be any kefemtilatice between 

if the Objeijt, afld the Senjation it excites, 

ytt. qertainlj' have very fttttng^SenfatWis df 

Jlow, "and Blue, afid dJ other Sorts of Co- 

Ipure,-'upbh looking thrdudi a Triangukr G\a^ PHfm^ 

mwliicn noone'ever'fufpeSedtha't there was, any Thin^ 

lite 'the ffeniatibri which it raifes iii| us. V '" "_ ' "" ' 

x%.tbtAb- cthen of them Jayiconctitilng the 

jtrrfHji If is ftillmor&abfurd. for'whatOon- 

i/*^'^". '■« the. Idea's we hav£ of Hot and 

ittAdOa- ft, arid thqfe which they fu|ipole ua 

'■''•'*■ If what they faj were true, it would 

that the. fame Objefl' ought to have 

V . ■ Appearances to the Eyes, adit raifes 

■ -■ a the'Toachi, which does liof agree 

)n the contrary, there are fome Bo-' 
:4 Steel, and Lohfiers; Vfiich whert 
icqiiirc a certain Colour ; biit vhen 
T theiri in Water, they do riot "alter 

H-ACtm. efore the Opinion.' of Ariflatie and 

tmrija 'f his F-olloVcrs, concerning Light and Colours, let us now 

i/L^bf" consider what Part we are to take upon this' Subjefl:. ' And 

w«A tbti Firft, Since' we have no Reafon to fay, iliat the Light of 

tfFaii. luminous Bodies.is any Thing elfe but the Ptwer tohUb 

lhiy_ have lo fro'duce in us that very clear a^d brigh Stfifd- 

tion which we have when they are befare us i Why may 

■fe'C' not compare this PoWer with that which'a Needle 

., . has to caufe Pain in us ? Since then the SepfatioB which 

■ a Needle raifes in us, fuppofe^ only that we are fenfitivc 
Creatures ; and nothing more is required in the Needle but 
its Figure and Hardnefs, which are alone fufficient to 
caufe a DiviCon in the Part to which it is applied : So 
likcwife'it is reafonable to think, that the Senfation of 
Light depends upon this, that we are by Nature made 
(Capable of this Sort of Senfation ; and that there is in 
the Pores' of tranfparenc Bodies, a Matter fine enough 
to penetratt; eicn Glafs^ and yet at the fame time flrong 
enough to' Ihake the fmall Capillaments of the Nerves 
whith are at the Bottom of the Eye. Further, as there 
muft be fome Agent to pufli the Needle into us, fo like- 
wife muft we think, that this Matter is pulhed by the 
luny'nous Bodies, before it caii, make aiijf IpipreiJiQP on 

■' the Or^as of Sight. 


i5.Thu5 (i) Original Ei^bt confvRs mhcef^atTi'Motld^^S' wiae 
fff'ihe, Parts of luminous. Bodies, whereby they ire c^^^^l^'^J^^I'^^ 
of piifliing '^very way the '/ubtU Matter, which fills th6 iranjfanm 
Pores of -trinrparent Bodies;, and the Ejfeikci of fecohiary\^> f"' 
9r derived Light confifts in ^tle Dipfittn ofTefidency fe/?^**"'/' 
this 'Matter to recede from the Center of the luminous Body 
in* a freight Line. Whence it is eafy to i;ifi;v^t the^ 

. ; . . Fornix 

(i} Origwdl Light'^Secondarf ffr • Shadow* Newtt-Opticksy pan- 337; 

Jf rived tijtt) Origin at Light oon-, Rayt of Light therefore Oiuft be^^ 

£&i ^ntirefyin a particular Motion fmail Corpofdes ieot /brth Irom lu*' 

of the ^articjes of the lumiqoiu^Bo-! miaout Bo4itt with a very great cc-% 

dy; not wheieby they pu/h forwardi, lerity. For fiich ibrt of CorpttiUet' 

that i^tiojis .Matter which Csrfes (contiary to the Preitioa.Qf 'idotioa 

imagii^ed the^ Poret of trapfparcnt. pjppagated in a Fluid)- oug^t to be. 

Bo4i4f' to bs filled with; but. where- ttanfmitted thnough uniform, Me4i*. 

by they ihske off fome very fmaU uina or void Spaces in ftreigbt Lifief,« 

Particles from the luminoai Body^ witJioat ben4ing into ^iie^. Shadow $ 

which ,are fent forth all Ways with at we iiae the Rays of Laght ara> 

a V^ery great Force : And Secondary tranfmitted. 
or D«r/vtf^fVe' Light confifts, not in Concerning that-Forcev by whxh 

the Pifpofition^ but in the real Mo- thefe Corpufcles are fent forth witli> 

tion of thofe Particles receding eve-, fuch inaediUe Celetitj^^ that they 

Sr way from the luminous Body in ^ are carried above 7000000 of. 

iCight Lines with incredible Swift- Miles in a Minute (See tbi Notes on 

nefs. For if Light coafiftcd only' Art, io,below,\ t)^c admirable Per- 

InPreffurty it ought to bepropaga- ion before- cited fpeaka thus. 'Ibofo 

teJ to all Diftances In z Moment of Bodies ivbicb are 0/ the famopnd and 

77«r ;' which it certainly is not (See, baye tbefamg Virtue, tUftnalkr tbef 

nehfdtes M Art' 30. helovai^ An^it are, tbo ftrong^ is their ittraiHvd 

Would not be.. propagated ii) ftreigbt. Force in' Proportion. to tbfir fiignefrm^^ 

tines, but it wotTld perpetually run. (See the Notes on Chap, zi; Art* if.) 

in upoii the fjhadow. F6r PreMoje ff^ejind this J.orce fironaosi in fro --^ 

or M^iofi'tiiknot be propagated tn a. proportion to their IVtij^ in mail 

Fluid in right tines beyond anObfta- Jifiignen than in larger anea^ /or fha ^ 

ele^ ijdbich ftopl part of tbe Mutton, ^ Partickt oj pnall Magnets, becaujt' 

Sut ivili bendafid fpre^d'^every f^'ay^ they are nearer one ar^ther, can tbs'^ 

two the juiefctnt Medium , which lies ntor4 eajily unite their Forces together^ 

beyond the bhhacle. Gravity tends' Wherefore it if reafanabU to expe&^ 

downwardt t iut the Frejure 0/ fVa- that the Rajs of .Light, f nee tbey 

ier arifingfrom Gravity ^ tends every^ are tbefmallefi of aUJSodits {that wa 

nvay tviti equal Force, and ispropa^ know of j fijoufd be found to have sba 

gated as readily, arid with as much ftrongefi attrakli've Force of all* Hofif 

Force JSdeways as downwards, and firong this Force is, may be gathered 

through crooked FaJJAges as through from the following RuU» 'The At" 

ftrei03t.ones. The IVavet on the Sur- trafflon of a Ray of Light, in pro*^ 

face of fiagnating Water ^ p'^Jf^'l ^ portion to the Shtanttty of Matter, it 
the lides 'of a broad Obftacle which contain/, it totbe Gratfitf which any 

fiops part of them, bend afterwards, prtjeSied Body has, in proportion to 
and dilate ttemjeh/es gradually into the ^antity of Matter contained in 
ibe'piet- Water behind the Obftacle, it, in a Ratio compounded 'cf the ^ 
9be Heaves, Fnlfes or Vibrations of Velocity of the Ray of Light, to the 
the Arf,vf herein Sounds conffi, lend Velocity of the proje^td Body, and of. 
manifkftly, though not fo much as the the Bending or Curvaturje of the Line 

Wcftyes of Water And Sounds are *bhicb the Ray defer ibes in. the Place 

pypfagated as readily through crooked of RefraSlion, to the Bending or Cur^ 
pipes as through ftreirbt ones, 13 ut vjture of the Line which theproj^3m 
tlilh\ h never known to Jfillew crooks ed Bcdy defcribes : via. if the Jncli- 
id ^ajfages, ''inr n bMd*inn ife nation of the Ray to the refraEiiug Su. 

prrfciet 


■/ Foos. of «i Tratifpfrm JSe<^ confifc ( i) in iheStrnS^fi 

*: ofiu Por,eSy oi.Tiihki that they crcjs each other ^wgy$^ 

tpitbmtfn^ htefrttptim^ and oj; the other hajtid, a Bodjr. 

^ is €»p:^kR, becaufe «^ff^ ofiu Ports nrtjireighu ^r^ ifihif^ 

■ fc^ /% <^ «^/ p^rabk (fdU throsg^ t^nd ak %ums. . 

.., . 16*1 doubt 


jeffed BfiJy ii the Horikon, Andfrtm 
thih pTdportim J eollea, that the At^ 
traBion of tbt Rajs oflfi^bt it mor$ 
tb'iah^ "Mooopdooboboooo tmer 
greaP^ rhan tbs-Gftkffef 0/ S&dieton 
iU-Swpetfieies rf fht Eartb, infto^ 
fortim to tki ^anthy ofMmnr ttm^ 
ilgined' ik- ibmiyAa tf Ligbt takii 
af Mut ftiUrt or' 4igbf Mtnufes in 
€PmtngJhm tbt Sun to tbe Bartb 


nof^ ihould We ks porey ^eig|il^ \ 
and cafy to pafs through A-ohi all 
Sides; jlnd all Ways, and yet >t the 
fame t:tne, the thuoeft. Paper or ^v^n 
Leif-6oId> for tpont of fjch Totes, 
ihooM ezdhide the Ravs of Ught; 
Utiot eafy to be conceived* Wl»ere- 
i^re we moil feek. for inothef Ciufc' 
t/rOfahifefi, 

' We muft know thp;i, tI»Jinrfl Bb- 
dles wKatfoever, hive intheilA ittucH,, 


KoWf alf^'in Ailehm, where irffirma^' fewer I*att8, and much more fete* 

tHfo^amkitrvantflr and ceafcttbere- tfr VQi4 Sjvaces, than is re^uifit^' foV)' 

JV^atiwr onef begtn j ^inmtcha. thfe gfeateft Number of Rayl of 


niokty ^v^rt AtfraSion-ceafh, there 
s reptlf'vt Virttti ought tofuczetd — ' 
Thefefott a9aj(,aifrm nt it itfia^n 
tffrom «pinrnfr Body, by the vibrvt^ 
ing-Moti^n e/^tbtBaorts of tbvBaefy, 
snd getr hrfUnd the Beacb of Attr^c - 
gion, it drh9tn'ih»ay toivh extetiing 
^ta^Heheityt Ojiriel^s, pag 370. 
(iyjnthefirerpbtnefiofitt Bores) 
Thos AriJhtikeKMtiy pxprelfes him- 
mt. TBe STtgh mil not penetrate 
fiiid Bidtit, bitaife'U eon go enlf 
tkrqt^ « P^fbr Pa^go {this tie 
MaytofSnnartani-vtdence^^ and 
«/jfb §ttr not Jifh^ aiQ Ohjegft but 
fright before ni ;) when then- 


liigljt to find a free aod open Paf- 
l^e in ftr^ght Lines all way» wj£h- ' 
out. runrtfng ugon the Parts. Jo?,' 
fihceW^r 11 hineteen times HgKter^ . 
th»t1»» rarer than Gold x and Gol| 
•it ffclf Is (b rare, tjiat it m\l ytjj 
eiiity, without maJuhg any Kefift- 
ance, fuffer Uie Magneticlc ^muv<i to 
|iafs throujgh It, and will: ea(Hy ad- 
init Quick (liver Jiito its Pores,, ajvi. 
Wiil alio letWater go tfearoiieh it, |li.^C 
U» It ha more por^4^an filid'P^iits %, 
confequently Wft6f . yfWX h^i^ ahpi«, 
fbrty tjmes. as'maoit. Fprf^ as I^IIfT 
Partt. ^nd. iiijeed you m%jf thiak*^ 
Gold' and Water, and aU oth^ 0o4if^ 


fin tBt dhea Pf^f^iff of the Sigbt it. (with gieat Probibiliti) as moch rarer 
Mndrid iy t^ Ares not being aW iHH as you f\e9S^ For iftfie eoriceive 


flighty if tdHrtot pap tbrough. But 
tbe Sigbt wfllfajk ttfrotfgb fluid Bo^ 
dies, becaiip the Pwes are Jntall and 
fhngbt J y* that it is not hindredfrom 
goftg through rbem» U^erefore Ctafs 
ts troTrfpftrenrthc^gb it bt veryjbick y 
but d piece of V^cad it not .ran/pa- 
rmt, fbemgb if bf very tbin, beeaufe 
ibr Pores of tbf fprmer are regular, 
and thofg df tbe latter irregular^ iV*r 
dots fberr beiugHarge Jfgnify any thing 
if they be not Jfreigbt j neither are 
rarer Boditi^ the more transparent^ 
stnlefi their spores are^Jo diUofed at 
tt admi nfaPajfdge*^ Prob. oi.Sffti 
>T. And indeed &at ftre.'ght Pores, 
pr rather ibch as £rniat>ne another e- 
Very way fiom all 3i<Ie*, aw nccc/Tary 
fe^a Boay^s.hVf(^ tranfpi^reufc cannot 
he dcxih^ed : Bat bow it can he, t|iat 
ffft onfyvCUfi and Diamonds^ but aifo 
Water, wh^fe Parts arc fo «dfy to '%%, 


the Particles of Soditt fobefi dipo^ed^ 
amougft themfihetf that the Inter -^ 
trait ^ ^r tinptf Sp^cet betwen tbem^ 
f^^jbe egu^fin Magpitude to tbim 
ail : and tbtft tb^ ParticUt maybe 
composed of other Partielet mucb/va/^ 
ler, which hgve as, natch mpfy Space 
between them, 41 eptalt alt the Magm 
nitudts of tbefi JmaOtr J^ articles 2 
And that in {iu w^anmr, theft JtnaL 
kr Particles are a^Bin eoufpojed of 
ethers mucbJkaUir ; all nubich toge^ 
ther, are equal to all the Port* or 
empty Spaces bititmn tbern, and Si 
on perpetually y **^ Jff^ ^f* ^J^"4 
Particles, fjtci as b^ve «a P9HS or 
empty Spaces within tbeift, <^^ 'J^ 
in any gt^Ji Body tbfre ie^ for /«• 
^auce, t^resfffch^f^ttsofParticleiM^ 
the ieafi'of'^ibich are.fotid^ this Ifo* 
dy wUf„ bi^Vf ft\«i tiines mere Pfre^ 
tb^fl jfijid p0ittt, .fifd if .jtbert ^ 

ftur 


. j;§. I Aoub^ not. but that this Qemionr will h« ef- »«• ^Co^ 
t«?QmM a ^lij^e^ onljr. But if it IhaJt atftijrwards U^j^^^?^^ 
imle iappeajr tj);;fevc in it all the Marfa of Truth, wcl ture^ 
ihat aJl the Properties of Light can be cJficlUccd from it : 
^ hope that Xb^P which at ftrft Ibofes Rfc© a Coiycftuw - 
wtU be th^n, received for a very certaia ani manifeflf 

Tnith. " ,;; ; ..... 

.17. And fi^;^. that we are fittiej by Katur» to mt; 17. w^r 
ceive what we cajl t^igU, though there were awhiog «««''^/««rf 
that b^re ahy Refembfence to it without MSy we have la^^* 
a very convincing Experience : For if, whea it is the 
DarJfleft that can , be,, we mb our Eyes ia ooe particu- 
lar manner^ or if by chance we receive a veqr hard 
Blow upon therp, fo that the inten^l Parts of the Eyej 
. are very much (hakeui by the Blow, we iee. Ugjbt, and 
very brigh): Spari^ which ceafe as' foon as the Motioa 
ceafe3\ 


ieaft of wbiek are folU^ ihe Body, 
'^itl haw fifteen timet more Phrei 
tiUn fill J fiartt. IfthmeUfi^ 
Pegretfs, the Beif v/fU-bat-ve Oife aftd 
thirty times mere Pores than Parti» 
If fix Degreety the Body wrHhtve 
hhUf and tlMc tiwetf mtrt PtfH 
fb4knjelid PatU^ ofU^ ^ f^(**^ 
ally, Mewt. Opt. p. 24^. 

JBoft^whlcii arc paAUe. or every 
Side' In ftreight Line& ; but either 
ilnf incq«ft4' CHfinfity oS-thc Puttt^ or 
•tN i«1sen«(|.of iiM» l^irea^ ^itiifr 
filled. with otfia- ibrt of Matter^ or 
^lle Mn^ty; liy'whi€li.mfr;i'ns the 
R«tys«f I^I^C'I* fBtt6a% tbrMigh, ar< 
K«rirtaA>>yhifrt ba^t^ |M: (•(- 
ward by innumerable RefleAiontand 
RefrvJ^oQs, t|ll at Jail they hit upon 
die njt» then&ivaa of thto Body 
( ^«f //k j>fot09 hthvr m^t* ^5.) 
aaf) fo are iivholly extingu'fhed and 
Jcfft. Hence h it, that Cork, l^aper, 
W«6d,. fi^e< atcOpatoe ) tnd Gials, 
'I^tmoods, ^c. triM»fpai«ac for 
in the Confines of tUrts that are 
-af^k«, and of eqial Denfity^* as^e 
l^am i2f«]ai>,WacerfMid Diamonds 
afe, fay jcaibo of the e^ial Attsa^* 
on on all Sides, there is no Reflext- 
•m ot Rcfi«d|oo ; a«di thfii«fom ti»e 
. lUiys of Light which eotar- ii|; firii 
jSup^rfices of thelb Bodies «£Iy fo 


hebw) si^r it||U Ufif tfaiottfli tHe 
whole Body. ButJn the Confines of 
Pam^faieh art iftty oncqualla De^ 
0y, Ibdk aiith«»PaMi'Of Wood ok- 
Papery tampMcd mUhttudk Qelier> or 
wim the Air, or empty Space in 
the larg^ Ports ofthem» the gtetteft 
ReAei^n9.or Rtftftfibna arc nade, 
hecan^ of the imt^ial AttraOioft f 
Uierefore the Rays can by no meani 
pai^ tlirtm(h ibch Bodies ; hot ai^ 
imfttwUirheiir ilic|Mai4 iuid ft»^ 
«rard«. andr at, M ioSU 79k^ t^ 
MUfioHUnHity, of Parti it tbefrimi^ 
f>ai Om/fi <of theOfaeifytf BoHet^ 
millpiliiBmr hf, pmfiAm^t^&. 0^ 
pake wfianjees, become tranj^reae^ 
^y filling up tkeh Poree whh any 
Sn^ame^^ af ftmii m mimof^ tptA 
Dertfitymitb their Parft* «wj jPm?^ 
per dipfd in footer w Oil, th$ Or 
cuius Mandi.Stope fieeped affTater, 
LinJieti^Chfhci&d^r'»afmifiu(, and 
many other Sj^fianeU foahed infue^ 
hiquon a$ will intimaiely pervaek 
the liaU Pom, beteme bf that me fins 
nKmetnenJjfhAPientahan mhermfife ^ fi^ 
on the CiOftnary, the n$fi tfom^mremt 
Subftances way hy evatnating their 
Porei, or jep afttf i ng their Petrts h% 
rptd^ed jijfiemtfy. opoh^ at Saltg 
or wet Paper, or the O^lnahduodi 
Stone, by-being drtedy Born by being 
fif'^ip^d, Glafi by ^fJ^ re£ti§d to 
Ptwdor, or o$hirvfi^ fiavted^^^i^ 
and Hoofer kybeingfermd i^to many 


«ra ( except inch ^ chance to Ul\ fmall MnbbUu^imbtfmttfipodm* Newi> 

\^poB) tbelolidcPaniij ^nd are txtiii- Opt* pt %u^ 

fuiflte<i* .Alt the He^ m <^ ai* ... ^ . 

18. Fur- 


X 


»^v??5<.. ' 2K Further, TKat there 'is fiich a Thing as fubtil 
1!ihiniai Matter which penetrates the P<>its of traftfparent Bo4i«i 
fuhtiiMsf' the Difp^fitjon . of which to recede from' the Cehter of , 
^"^* TJ* thfe luminous Body in ftreight Lines, may here be called 
firel ' fi^ondary or derived Light, has been fufliciently proved 
before, when we flhfeu^ed the Neceffity of the fecond E^ 
lement ; and we jnay venture to affirm, that .none of 
' thofe Things would come, to pafs without it, which we , 
have before obfervcd to come to pa(s, when we explained 
'* thofe Motions which are ufually afc:ribe'd to the Fear of 
a Vacuum. • s ,. 

19. rbmt ig: Nothing further remains, but to fliow that lumi-: 
b'mn*u$Bi>' ^^^^3 godic^ do aftuatly pufli this Maitter cVery Way j 
tbuMatter which they Will be found to do, if it be true, that the 
all Wayi ; pafts aiT vcr^ fmall, and very much agitated. Let us 
*ifth!a^ '' then examine all the luminous Bodies that we know, and 
Flame€m' iee if the Parts of which they are compofed, be not as 
ffti IB, fitoali, aid as hitiGh agitatM as we fttppofe. And to be-. 
"|iii wfth flame,. ' It has bJeen abeady fo plainly demon- 
United, that it Js. compofed of Pajpis very imall, and 
which movevl^ith the greateft Celerity, that it is fu- 
.^)?rfluous to "fay any more about, it, ... ^ 
to,fFbenct ,-. %o, W« fee aIfo»- that these^ arifes -Very bright Sparks 
it is that ^pon ftrfking a Flini againft Steel, or two Flints as:amft 
JfmftrikiMg ^cn Other, or an Indfflu Qanc s^aihlt: a common on^yot, 
trruhking by firoking the. Back of a CiJ^ in the Dark, when tbt 
^^f Wcstheris dry and coW, (i)and in a Multitude of other 
gaia^eatk Things. The - Cauib of all whicd), i$ only thia^'.that 
««fefr. fome vf the Particles of i jhefe Bbdios being entangled bc^- 

tween others, when they are ftnlcjc, acquire in flying off, 
^ Mention like that of Fbune, by which they in like man- 
ner pufb forward the fmall Qiobulesof th^ f^pov^d '£ler 
ment. 
2T. The 21. There is feme Cort of rotten Woodj and of Fijhis^ 

Cmvje •/ tbe when they begin to he edrruped^ which Chine very bright, 
^^«5;w Now a Body cannot putrify or be corrupted, but tj the 
^w^d//*»rff\Motion of it& Parts, fome of. which ily>oiF (aa is evident 
FifiestkMt in rotten Wood, from the Lafgenefs qf its Pores, an4 
antarrmf' frcip, its Llghtucfs, whicfa rciVdcr it dlSerent froii> wh^ 
it wa» b«fore.3.a»a Coal, and the Wood out of which it 
IS made difFer from each other.) We muft qwA therefore, 

' (f } And^in m BMtituie ^JT ttber qaiett afid hibM, will flttiie bright, 

7i&fi»*j) Thttrf nike#i ft Amb'tr rnb- - r*t fcy iiftpcl I ing or preffwig bpoM Ae 

tea tcry h^rt in th^DaHc"^; ^iek • Particles of Aefeatnd Element, f&t 
fhfer flitfcrnin-a Vmenvm j and a there it no >fiidi TKm^ ; * bot l>y 
Giafi oct of which the AiTr \% ti- fe (njlrf| forth fiha 11' Pardcies which 
hAuiJed, if it be lufacd roiiLd Tcry ire (hfe-very I>^ht it fdf. * • 

that 


-N ~ 


Chap. 27. c/TNATv>iA.t PaitJOSdLPJiy. ia^ 

that the Motion of the Parts which We fupppfein liuni-j 
nioaa. Bodies, ( l) is to be found hcrealfo. 
: z^a. It is not fo. eafy to tdl certainly, whai fort oi^"'^fA'^ 
MQtion. thit is^ which !nu4ces fome Worms '^ndi /%j tot cfw^ 
ifeiiie in the Dtork ; However )it is v^ety piPobaUe, thatwarw. 
fpme fortol Mfiltcri^ exhaled; out .of thcfe InfoSs,.iii:e 
the Swe»t 'rf.oj[;her Animals, and that this ',pu{h^. the 
^k^jyjter of the.:fecond .Ele;naiti ai>d tjii^ is confirmed 
from hence, that they ceafe to fhine as foon as tbe^y^ 

23. The 5«« and tile Stars are the moft luminous Bo- l?^w*i 
dies of any that w^ know ; but by reafon of their great' ^it« ait 
Diftancc, it is impofSble to make app^r by any Experts ^*^*' 
ments taken near them, that ^1 their Parts. iue in Mq«1 

tion I all that we can affirm, is only this, that we do no^ 
obicrve any Thing to the contrary : Andfmce tbcy pro- 
duce the fame £iFe(5ls in us, that Flame does, we 
9ught to think, that they'refemble it in tbatjby which, 
thefe Efieds are produced, viz, in the Motion of thein 
I^arts* 

24. If it were true, what they, fay of a Carbuncle zx\d*^ ^' • 
a Dianimd^ viz. that they (hine in the Dark ; I (hould t^^^f^i 
j&^y own, that I am liiiflaken in all that J havjeJ(aid<Viw^f^ 
about Light; for there is np Probability, thftt.Bodies fo;^''^''^^^'' 
hard, ihould be cbmpofed of Parts which feparately arc Jda^ot^. 
in any Sort of Agitation. But it is cer^i9,.that theie "»«!. 

are only idle Stories, told without any Proof^ and re^ 
ceived by credulous Perfons, for I have pft^.times expe- 
fienced the contrary my felf. 

25. 'Tis true indeed, that a DiamQn4 (hincfryery bright »5- *'*«' 
In a darkiih Place j but the Reafon of this: i^l becaufe it '„t j!/^ 
IS fb.cut, that the Sides rifled all the Light jwhicb they ^EI^'mI" 
receive towards the fame Part, as (hall he :more, fidiy/A"»« 
explained * afterwards, when we cpm^ to treat of .the * ^*^' *^* 
llp&a^on of Light. 



jread by Light of them. I have not obiervtsd this in any ''''^'^' 


(I) /i t9 he puni b«re aifi^ 
tThc fftffiOQi Mt* Boyle made an £t^ 
ftrimeiit of this Matter, which i« 
vcijr jwell .worth taJdag AMice of* 
He flit a piece of rotten Woo4 into 
j^ Air B«mp, wkieh wu in %~ 
Manner extioguUhcdand ceafe^ to 
flline J when the Ak wai cxhauiM : 


»fc 


but ujrn letting the Air in 8gtin» it 
feemed to be new lighted; -ard fliiiied 
is before Seethe Pbihfpbkal Iranf. 
Hkmh» 3 1 . ■ For thii was true FJ^trc," 
tad like all orh^r Flame onnot be 
prefervedf without A'r. ^ , 

(l) iSe«« DiamCndt rubbed in the 
J>atkj See Art. 10 ab ^vt. 

Diamonds 


fiSainbndsittot: I have wied 5 %diwrver it iway be tnft, 
without contradi^ng «if Thiftg Aat J haw J»Ai«t|c»^ 
vmAt. Far tki^ Rubbing mfy .niC&&tfiit Agita;lioii, if 
not ill the Pam of the Diffini^iii, 3^ i3t k^ in Ibme 
ll^er cditiEaiaed in thePoMK&df k, whieh cMidnifiitg ifi' 
ij^odon in the 6Ait >iiiaAAdr fie thd #tmio k the Pora< 
of a huming CcSbS^ may for *>me time piih the ft^nd 
Ekment which is ^1 iotixd it^ and di^ofe it to kift a 
finall Smteion «f tight. 
•7. Of tie 27. Though we Imve no Jewck which fliine in 'tfce 
2SJ* Dark, yet we have a Stometittt is thily kiminous : Tkis 
St»tie was aa«2ididn%aH7 found by an Ihtlian <!kj^ijt iitAt 
B^kgn ifl * hollow Hace caufed by a TorB&nt. After 
having putitteto a Fire for fix Hom^, he took it ^5ut, 
and let at isoA\ and when k had been^xfi«fed to tiie 
Xight of the Air -for fame time, upon carryii% it after- 
wards into the Dark; he £rft perceived it to bok 'like a 
Fire-Cod cmred over with^ jfMr Affiles. I bive feeti' 
fijnae ibiiifr'iiear hfSS a quarter of an Hour, after whtdt 
their Light vaniflied, but by expofing them to the Light 
of the Airifiap a fttott time, we could make them -fliine 
again iMthmWl^tSEired.' 
^. «• *8* The JleaRm *ererf very prdbsWy is, that -the 

Riofim 0/ Fire faofi^iMie 'this 8tone^«»(remdy porous, K> fim a^ 
a/mhr"'^* monjtheP^tfte which «re' almoft whdly disjoined ftxnn 
'^'*' ■ eacfc atber,^th€i^<my be ftme'(4) fe«afy tolse pat itt 
Motion^ 4httt the Light ^f the Air alone is capable dF 
agitating diefin ; luid they may be To di^fed to retahf 
this Motion, that they may keep it after they arc re-* 
•^ ; * inovefl :fe»A aroon^ the lumjftous Bodies, T^ch put 
\ '^ , them in Mbtioii ; and this is' eoilfirnficd ^ftotn hence; 
/ . .., that whcntWfe.£kperimcnt is often repeated, thefe Parts 
exhale, and ^^^ Stone quite lofes in 'fhbirig Quality ; 
which <^iaUty i^annot be prcferved -above four Or hve 
Years, though the Stone be carefully flittt u^ in a Box; 
where ^o L^t ^n -eomte at it ' 
19. A Con* 29) For a father Coni^rmation of wliat has been faid, 
jSriuuioM we may obfente, '4hat if this , Stone be kept too long in 
y* • the Fire, or ^though it be kept in k but fix Hours, yet 

• > • ^ 

(1} SotaJ^ to he put in jMumm) P^ttmc^iXl^f UtUkti .pr^p^mitner Jk 

in ri)uch the fame manner may tht «e>y hot fin, are So irofaMik an^ 

Fh-ffiborus be acdbuntcd for» ( die ^y<$ttlbttp«UinMtttoa» diac fkty 

Aianiier of preparing it^ is at large are tutcAl isb^a kvMi of Flaaie, iSf 

explained by the famous Mr. ^oyU, the^^Vgtttcigii^f the sro&r, flr fBt% 

to whom 1 refer .you^) for it is iwpt of'tbt«fiiatar Ait* 


ftry ^robable^ thatidAc fulphw^ooa 


ii 


jef AtFkthtvtPf tot, Hlth& P^its of itivhieh ca^ 
not fdUft ilie FiF6, m^y be carried off^ and then the 
vemaifimg 'Parts m^y be fo hitaVy, a» iK>t to be IhsUced ^ 
fay Che Light} in ^idh de^e' the Stcnfe ought net to ' 
ihine^ and fo vm find by Experience. 

30. 'Saving tlnii^ (town the Truth of thofe thrte |?^^*JJ^ 
Things which cxHAfftehend the whole of our Conjefture, to^f^^ 
about Prmhive^T Original Li^hty coneeming wtet they ^«'«^ '» ^ 
es& Jkmda^ or derii^thfe Light y we obferve fifflf ; *^t^^SX!^*i 
becau& it <X)qs not confift in thef aerial Motion of tlie 

fubtte M^ttxrr which filk th^Potes of tr^fpare^it Bodies, 
but only in the TdMency or Diipofition w4iidh thwt 
^ Matter i»i6 to Motion ; it nfed^ilarily f<^!ow»y that lu- 
minous fiodies^ be thdy never fo difknt, ou^ tc^ pro- 
BjaiK their Force^ and (i) to a^feft our fenfes in a 
omefitof Time ; becaufe the Matter which is puihed, 
being extended every way widiout Interruption, like n 
vety long iStick; the lutninous Body cannot pufli for- 
tmrd the neareft Part of it, but at the &me time it 
iiaift impdll the fiirtheft Part likewife. 

31. But- perhaps jfome may dunk, that this Trains jt. ADif^ 
Matter which is extended fiorti dne Point of rite* lumS-/^*^'**** 
110116 Body, tf^ a Fointof'^the 0%jca wWdi it ilkmi*. .J'.^i'^^, 
nates, and which is called a Ray ofLigbt^ may more prp^ of Ligbt. 
perly be cbrnpstred to a Thrtod than to a Stiek^ beduife 

its rkrts ai« not fo frrmly conne(Bed together, as dKyfe ' , 
of a Stick ate \ and fo it may be conceived, that as wc 
can move one end of a Thread, witliout moving in the 
leaft the other End, fo the luminous Body may impd 
the Matter of the fecond filement to which tt 15? applied, 
without neceilarily continuing that Impteifion to any 
gieat diftance. However, if we confiddr, that the 
World is full of Matter, and that a Ray rf Light -is al- 
ways furrounded by a gr At many others, which hinder it 
ftom bending as a Thread does which is- not furtV>unded 
by others^ we ihallbec^ Opinion, that every Ray of 


(i) 7» affe09ur Sknftt in a Xfo^ 
ment) It ajpipurstMiw from the Phe* 
Bomeni tijupiter'i Satei lites, which 
fet into the Sfetdow o( Jtifittr a 
little fooncr tl»n they ought to <io» 
when the Earth approaches towards 
Jupittr \ and on the orher hand^ 
(tone out of tb« Shadow a little la^ 
ter than they ought to do, when the 
BaMi departs from fufitir (tjfina- 
Wl emmcat AfiroQomcn bm ob* 


ierved} that Light { whkh it a ret{ 

'B9dy),i8 not propagated in a Mo. 
ment of Time, but takes up about 
feven Minutes in cotning from the 
Sun Co the Earth) whS<:h It abooc 
50900000 of Miles (See iVtev/. Qpt* 
/. 252.) What furprc'ing Thmp 
fellow from Lights not being pro- 
pagated in a Moment^butin a certain 
Space of Time. Yoa may fee in th^ 
J^9fit0! Part II Ch.XK'ir. A'^t, 3. 


Light 


Light (i) ought to propagsitP 'the E<)rcc of ihe, JmniAoi^ 
Body ia the ianie manner, as if it w^ a$ ftiff as a Stick. 
3t. Wtf/ tf 32. : In order to explain yrlut ia difficult in this Maitl^r^ 
prfLT^tt l^^^5 > compaiip.t;his Aftion of the fecond Elem^ftt which 
iuAaioH tranfmits Light, to the A<9:ion of Water contamed in a 
tbreug^Mn i^j^g thick Tubc flopped at the lower End ; and.thpn let 
^^f^'* us copfider, that all the fmall Threads of which thisrgipfe 
Colunih of Water is conipofed, do every c>nfi^ in parti- 
cular prefs with its whole Weight uppn thQ.fiottpm ; 
and that if we pour in riey^ fo little Oil, it wiH, prefs 
upon the Bottom in the fame manner as if we had pour- 
ed it upon a ftiff Stick. t 
^%, That to 33, If this Comparifon does not fcsemjuft, becaufe in 
^tbvi^Aaim ^'^ Inftance the Water is contained in a VeflSbl ; take 
it It not ne- another: Suppofe the Surface of the Earth, inftead of 
€4j[ary tbt ^ being unequal and rough as it is now, •\irere round and 
^fi^ldho A^^^^j, and im^ine it to b.e covered all over with Wa- 
eontained in tcr to a Certain Height; then would every Ppint of (jhe 
any F!tjfeh Earth's^ Surface^ be "preffed upon by the whole Weight, pf 
the Thread of Water which .cprrefponds to it ;.aQW^Q0mr 
^ - • , p^re tbe/A<£lion of the Rays of Light to the A^ipa of 
V. this Witery, and ypu wijl §p4i that they ai^ cap<ihl.e.l^ 
. afting in ;t^iaj9ie:^ manner,' ; as if they wer^ ^.ilifFas.ft 
"* "'■ • Stick.- -,..-.. . '. ^ •:. .:',:.: /..- 
34. JFbf 34" '^^ '* true- however, and.^iuft be^ranted^-jth^ ther^ 
the Aatin is iomeJbifFerence between thefe two Thin^:;. Ew .the 
of Light Threads of the Water approach itiearer and nearer ;t0 each 
^g^kir the Other, and tend to the feme-C^i\ter,. whereas th§ B^y^ of 
more diftmt Light go from the Center and •fpiiea4 themielves to^warcfe 
^* ^"?""*" the fpherical Superfiqies wJ:iich .we nufy co<icei?< afl: 
^ "* . round them: But this Difference will only be of ufe,. to 
Ihow .us the. xc;^fon of a very remarkabi.e Property of 
Light 5 which is, that the Impreffion of the lumindus Bd- 
dy does not come entire to the Object ; but is weakened 
2nd dimfnifh'd a little, according as it fpreads it felf, and 
proportionably to its Diftance from the Center of Afliion^ 
Tab. IV. ^^ order to explain this, let Us fuppofe the Tube ABC, 
Fig. 3. which grows wider towards the Top, to be filled whh 
Water as high as DE, and that afterwards with a Sy- 
ringe we put as much Water in at the End A of this 
Tube, as will fill the Space AFG, which is of a confide- 
rable Height, but of a fmall Breadth. It is certain, thai 
this Addition of Water, will raife up the Water at HI a 

« t • 

(x] Ought to propagate the Force) ptopafated* Sit the Notes on ^ArU 
To propagate h ia^ced , but not I j« abwe* 
in flrrght Llne*^ as tight is really 

Tittle, 
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little, but that it will be fcarce fehfibly raifed atDE/Now 
this explains the Nature of Light perfeftly well. For as 
we cannot iay that the Water at DE is not railed at all^ 
.but only that it is raifed but a very little : So we may 
conclude, that the further the Rays of Light, are diftant 
from the luminous Body, the weaker they are ; which a* . 
grees with Experience. 

7^. Now as we are certain, that a Body in Motion al^ l^: f^'^y 

^ ' r\ • • I • 1 1 7^ 1 Light meet' 

ters Its DetermtnaUon when it meets with another Body tngioiihcer, 
that refifts it : So likewife we. may conclude, that Light, fain Bodies 
when it falls ( i ) upon the Surfece of a folid Body, ought to '"^f'^l^^ ^ 
he turned back or reflefted. Thiis for Example, if thefmall Tab. iv. 
Globules which are in the Line CD reprefent the Parts Fig. 4. 
of the fecond Element compofing a Ray of Light, which 
falls upon the folid Body AB, its Aftion ought to be con-* / 
tinued towards E, along the Line DE, in fuch a manner, 
as that the Angle of Reflexion BDE ought to be equal 
4to the Angle of Incidence ABC, that is, this Aftion ought to 
be propagated in the feme Lines that the Globule C would 
defcribe, if it were alone, and moved in the Line CD : 

For 


(1) UpMtb$ Surface of a folid Bo- 
dy) The Reflexion of the Rays of 
Light is caafed> not by falling apjn 
ihe'P-rts themfeJves of the reflefting 
Body, but by a certain Power equal- 
ly difflifcd all over the Surface of the 
Body, whereby it a£t8 upon the Ray 
to attra£l or repel If, without imme- 
iiiaieContaSii by which fame PtiNver 
in other Circumftances the Ray is re* 
fra6ied j-and by which fame Power 
it is at Hrft fent forth from the lu<^ 
cid Bcdy; as the fore- cited admira- 
ble Perlbn has demonftrated by many 
Arguments. 

I, Though thofe Glafles which we 
call piain and polKhed, do indeed 
appear to the Eye to have a fmooth 
uniform Surface j yet in reality, (fince 
pslifliing is nothing tMt but Wv'a'r. 
ing away and breaking the Protu. 
berances of the Glafs, with Sand^ 
Putty, or Tripoly) their Surfaces are 
▼ety ^r from being plain and fmooth ; 
Now if the Rays of L?ght were re- 
flefied by impinging on the folid 
Parts of the^vlafs, their Reflexions 
coo!d not be fo exaft and regular^ 
as we find they are ; nay, the Rays 
ought to be difperfed all Wayp, al- 
moft as much by the beft poHOed 
Glafs, as by the lOJgheft. Stt Nni r. 
Oj>e, p. 240, 

Vol, 1, 


' IT. If the red and blue Rays 
which are f* pi rated by a Pri fm {tb» 
manvtr of ■ doing lohicbf S*e in tb« 
Notes on Art, 65. btlciti ) be all of 
^themcafton aftfcond Prifm, infjcli 
manner, that they are all aUke inci- 
dent upon it 5 the'fccord Prifm majf 
befo inclined to the inc'dent Rays> 
that thofe whith are of a blue Calour, 
fliall be all refle£^ed by it, aj)d yec 
thofe of a red Colour (though falling 
with the fame Obliquity) pretty co* 
pioofly tranfmitted. Now if the Re* 
flexion be caufed by the impinging 
of the Rays upon the Parts of frh« 
Glafs ; how comes it to pafs, that 
when all the Rays fall with thefaihs 
Obliquity, the Blue &-uld v»holiy 
impinge on the folid Parts, £0 as to 
be all reflefted,* and yet the red find 
Pores enobgh in the fame Place to 
b« in i great meafure tranfmitted^ 
Pag. 239. 

ill. Where twoGlafTes touch one 
another, there is no fcnfiblc HLeflcadfi 
Dfi J and yet there is no Reafon why 
the Raya Zhou id nut impinge on th^ 
Parts of Ghft as much w)ien con* 
tiguous to other GlaG, as when con- 
tiguous to Air. Jbid, 

IV. When thft Top of a Water, 
bubble, made by the working up of 
Soap and Water, by the Qonlinu^l 
p fttb- 





^to ROHAULTsSYSTtfd Parti. 

For it is evident, that the Globule D ought to have a 
Tendency, and to be difpofed to go where it would really 
go, if its Power were put into aH. And fince this Gk>- 
bule^ upon meeting with the Body AB, would neither go 
towar<ls G, nor towards H, but only towards F ; it nuw 
far allowed^ that it is the Globule F only which is impel- 
led 

fbbfidln^ and exhaling of tlie Water 

grows ▼ory tlun ; there is no insjii> 

feft Reflexiooy not only at the feaft 

Thickneffes, but alfost many other 

Thickneifes of the Bubble, which are 

eootinoally greater and greater \ and 

yet in the Superficies of the thinned 

Body, where it is of any one Thick- 

neft^there are as oiai^ folid Parts for 

the Rays to impinge on as where it is 

of any other Thlcknels. Ihid, 
V. If the red and blue Rays fe. 

fttnted by a Prlfin {the manner tf 

doing xobUby at wai f aid before , yau 

may fee in tbn Notes on Art. 6 5. be. 

hw) be afterward caft dift'n^Jy and 
fticceffively upon a thin Piate of 
any tranfparent Matfeer^whofeThick- 
neifes grow contiouaDy greater and 
greater (fueh as a Plate of Air con- 
tained between a plain GIa6, and a 
€»lafs that it a little gibboos, fuch as 
the Objed-Glafs of a ioag Telef- 
cope) this Plate in • the very fame 
Part of it will reflea all the Rays 
that ate of one Colour, and tranfinit 
•U thoTe that are of another Colour i 
la <//^ffr Parts of if^vit will tranlinc 
J^ys of the fame Colour at one 
Thickoeis, and refled them at ano- 
ther^ and this by innumerable Fitts* 
Now it is not any way to be ima- 
fined or conceived,- than it can To 
happen by chance, that in the vefy 
fame Fart of the Plate, and with tho 
very fame Obliquity of the Rays, 
arli the Rays that are of one Olbur 
ftoold impinge upon the Olid Parts, 
and all the Rays that are of another 
Colour fhooid hit upon the Pores 
only ; and that in drffetent ParU cf 
the Plat», in one Place the bJue 
Rays ihould all impinge upon the 
Farts of the Body, and the nd Rays 
fun all into the Pores ; and in ano* 
Cher Place where the Plate is a littic 
tiucker or a little thinner, en the 
contrary the blue Rays only Hiou'd 
ran all into the Pores, and all the 
red Rays impinge upon the Paru* 

VI. In the PaOTage of Light ootof 
€lftfi^i«to the $ax there ii a Reflexi- 


on as ftroog as ij> itr Parage out 
of Air into Glals, or rather a littk 
flrooger, and by many degrees fhron- 
ger than in its Paflage out of Ghift 
into Water* And It ftcmf not pM- 
bable, that Air iboold have more re- 
fleeing Parts than Water or Glais. 
Bat if that ihould poffibly be Aip- 
pofed, yet It will avail nothing, for 
the Reflexion is ss flrong or ftronger 
when, all the Air is removed from- 
the further Surface cf the Giaft^ at 
when it is adjacent to it,/.a37« Now 
if any one fhould imagine accord', 
ing to the Opinion of Cartes, tha# 
the fubtil Matter at the further Sor. 
face of the Glafs is denfer th^n any 
other Matter whatfoever, and' upon 
that Account more firong to reflet 
Light than any other Bodies f be « 
fides that we have before demon- 
Ihated that that Matter is only a fi^. 
tioQs Thing ^ 9nd that if we fhould 
allow this Matter, and its Power tO' 
XffticCk i<^ghty. the Light could not} be 
propagated by h at the Beginniag^ 
but muft immediately be all relieved 
back upon the lucid Body as fooa 
as it is fent forth from it ; befideg 
thefe, I (ay, he will be convinced of 
the Falfiiy of this Fiaion by tht 
Ibllow'ng Experiment. 

Vil. If Light in its Paflage onl 
of GUfs into Air be incident more 
obliquely than at an Angle of 40 or 
41 Degrees, it is whol.'y refleded^ 
if Itfk obliquely, it is in great' mea« 
fure tranfmitted. Now it is not (» 
be imagined, that Light, at one De- 
gft: of Obliquity, ilK>uId meet with 
Pores enough in the A-r to tranf- 
nit the greater Part of it ; and at 
another degree of Obliqoity fhould 
meet with nothing but Parts to re« 
Rt€t it whcliy $ efpecialiy, confider- 
ing, that in its PafTage out of A'r 
into GJafs, bow oblique foever its In- 
cidence be, it finds Pores enough in 
the Glafs, to tranfmit a great Part of 
it. If any Man fuppofe, that it is 
not refieaed by the Air, but by the 
outmoft fuper/iciai Parts of the Gh&, 
Uuc will appear to be i^lfe, by ap* 
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led liy it, afid which receives its A(5):iQn. And this is 
<;oniirmed by Experience. For when the Light falls up- 
on the Sur&ce of any Opake and folid Body, as Gold or 
Steel, we fee its Rays are reflected, and the Angle of this 
Reflexion is equal to the Angle of Incidence. . 

36. Now this being fo in one folid Body, fuch as Gold ]b'„Jltln9 
or any other Metal j as it is a general Truth, it ought to tranf^arent 
extend to all Sorts of folid Bodies, and the Light ought ^f^!^^ ' 
to be refleflBd m Angles equal totbofe of their Incidence. ^^aysojT 
Wherefore fince the Pores of two tranfparent Bodies which Ligh$, 
touch each other, cannot exac^y anfwer to one another i 


plying W^er or. Oil behind tomt 
pirt of the Glafs inftead of Air. 
For fi) in ft convenient Ohiiqalty of 
the Rajri fappofe of 45 or 46 De- 
greet^ at which they are all refleSed 
where the Air is adjacent to the 
Glafi, they will be to great meaTure 
tranimittrd where the Water ia ad. 
jacent to it ; wh:ch argues, thit their 
Reflexion or Tranfmiflion depends 
on the Con(|itation of the Air and 
Watery -or Oil behind the Glafs, and 
not on the ftriking of the Rays up- 
on the Parts of the GUfs, v/« that 
the Rays are not reflected till they 
get to the farther Sur&ce of the 
Olafs, and begin to go out. of it ; 
For if when they are going out of 
Sty they fall upon Oil or Water, 
they go on^ becaufe the Attradlioia 
of the Glafs is almoft ballaoced ami 
reodred ioe&dlual, by the contrary 
Attra^ion of the Liquer that fticks 
to it. But i( the Rays^ which go out 
of the further Superficies, go into a 
y^cuttm, which has no attractive 
Force^ or into A'r which has very 
little, and therefore cannot baHance 
tile Attraction of the Glafs, and ren- 
der it ineffectual ; then the attraction 
of the Glafs reflets thein, by draw- 
ing and bringing them back. And 
this is (tiil more evident^ by laying 
toxekber two Prifms of Glafs, or two 
.ObjeCt-GiaflTes of very long Telef- 
copesy the one plain, the other a 
little convex , and (b compreiling 
them, that they do not fully touch, 
nor are too far afunder : For (he L'ght 
which falls upon the farther Surface 
of ihefirft Glafs, where the Inter- 
nal between theGlaflTes ie not above 
the Ten hundred thoufandth part of 
an Inch, will go through that Sur- 
face, and through the Air or Vacuum 
between the Gla'flTes^ and enter ia:o 

Vol. I. 


the fecond Glafs. But if the fecond 
Glafs be taken away, the Light 
which goes out of the fecond Sor« 
face of the firft Glafs into the A'c 
or Vacuum th:tt is between the Glaf. 
fe«, will not go on forward*, but 
turns back intn the fir A Glafs, and 
is reile^d. From whence it is 
evident, that the Rays are drawn 
back by the P>wer of the firft 
Glafs, there being nothing elfe to 
turn them back, p* 238, and 347. 
And hence it is alfo manifeft, as was 
before obferved, that the Rays are 
not reflected by any fubtif Matter or 
^ther, becaufe that Matter ought 
to reflect them not at all the lefs, 
when the fecond Glafs is fo placed a« 
not quite to touch the firft, than 
wheo it is quite taken aw<y. ' 

Lajiljy If any one (hould ask ; 
became we have afcribed the Reflexi- 
on cf Rays to the Action of the 
whole Sup'tficies of Boriies, with- 
out immediately touching them { 
how it comes tr> pafs, that all Rays' 
are not reflzdUd by all Snperfic'cs ; 
but while ferns aie reflected, others 
are refraCled and en'er in : This ex- 
cellent Perfon (hows, that thrre arc 
certain Vibrations (or fome fuch 
kind of Property) both in the Bo- 
dies themfelves, and in the Rays of 
Light, imprefled upon the Rays, 
cither by the ACtion of the Body 
which emits them, or by the A^ti" 
on of fome other Bodies j whence 
it comes to pafs, that thofe Rays, 
which are in that Part of their Vi- 
bration which con fpirrs with the Mo> 
tiori of the Parts of the Body, enter 
into the Body, and are tranftnittei 
by Refraction ; and thofe which ar« 
en the other Part cf their Vibra- 
tion, are re fleftcd. Sit Niwt, OfCm 
p. a55» 
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and therefore many of the Pores, of Air for inftance, may 
hteet with thefolid Parts of Water, Glafs, or Chrvftal; 
It is impoffible, but that tiranfparent Bodies muft refledi 
fome Part of the Light which falls upon their Surface ; and 
they muft refleft fo much the more, as the Rays fall 
more oblique, becaufe in that Pofition they meet with. 
Wore of the folid Parts of the tranfparent Body upon which 
they fell. 

37. Let us now confider, what will happen to Rays 
that pafs out of one tranfparent Medium into another, up- 
on whofe Surface they fall obliquely. We forefee ( i ) that 
tbeypafs out they Ought to be r^/r^^^^ agreeably to what was faid be- 
falent^Mc^ fore Concerning Refraftion, becaufe thefe tranfparent Bo- 
dium /■«/(> dies being of a different Nature, the one may afford an 
another. eafier Paffage to the Light than the other, and fo the Rays 
ought to be lefs inclined, or nearer to the Perpendicular 
on that Side which more eafily admits them. 
^%. The bar- 38. Nor are we to think, that a tranfparent Body will 
iitr a tranf. gjford fo much the eafier Paffage to Light, by how much 
,fo mud ^^ eafier it yields to other groffer Bodies which make 
Way for themfelves, by removing its Parts : Juft the 
contrary : For as the Pallages for Light are already made. 


37. ffdft; tht 
Raji of 
Lijibt art 
ref railed at 


tbg eajier 
votU tbe 
Ligbt fajt 
through tt» 


(1) That they ought to be refraSed) 
Tbe Rays are refracted, not by fal- 
Jing upon the very Super6cie8 of Bo- 
dies, but without immediate con- 
taft, but that very fame Power by 
wh'ch they are emitted or rcfle£led, 
exerting it felf dJfterently in different 
Circumftances ; as m^y be demon- 
ilratfd by the fame Aiguments as 
were before made w(t of about Re- 
fl:6lJon with utContad: and alfo by 
ths fo'iowing ones, 

I. Becaufe when Lighi- goes out of 

Glafs into^Air^ as obliquely fis it can 

p^Jpbly doy if its 'Incide'ce be wade 

fill more ohliquej it becomes totally 

rejli&id. For tbe Po-wer of tbe Glaf, 

after it bat ref railed tbe Light as 

obliquely as is foffibley if tbe Inci- 

J.'The be made flill more oblique y be-' 

. comes too fircng to let any of its Rays 

go through, and by cmfequence caufes 

' total ReJtexions» 

2. Becaufe Ligbt is alternately re* 
flailed and tranjmitted by thin Plates 
cf Glaf for many SucrJJiom accord, 
jngly as tbe 'lb i chiefs of the Plate 
i)ur:afs in an arithmetical Progref. 
.Jjon., For kere tbe Jhlckrff of tbe 
Glafs d{tirmhc$i "zvberbtr tha: Power 


—i 


by ivbich Glafs aHs upon Light fhall 
caufe if to be rejieiledy or ft^er it t9 
be tranfmitted* 

3. Becaufe tbe Surfaces ^f tranf. 
parent Bodies nubtch have tbe greateft 
ref railing Power, refieU tbe greatefi 
quantity of Ligbt. Ncwt. Opt. 
p. 244.. 

4. Becaufe, although the Forces of 
Bodies fo reflcft and rcfraft Light, 
arc very nearly proportional to the 
Denfirics of the fame Bodies; yet 
unfVucus and fu:phureous Bodies re- 
fradt more than others of the fame 
Denfity. For the Rays aft with 
gt eater Force u^dh thofe Bodies to 
fet them on Fire, than they do upon 
O'hers; and thefe Bodies adt upon 
the Rays again with greater Force by 
mutual Attraftion to refraft thein^ 
p. '24. q, &c, 

Laftly, Becaufff, not only the Rtya 
which are tranfmitted through Glafs 
are reflrfted ; but alfo thofe which 
at-e near the Extremities of it in 
Air or in a Paeuum, or evfn thofc 
which are near the extreme Parts 
of any op>ke Bodies (as the Edges 
of Knives, Sff) are bent by the At- 
traftion of the Body, p. 293, &e> 
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it can move fo much the eafier as the Parts of the Body 
through which it pafles, are more difficult to be put out" 
of their Places ; becaufe it is the lefe liable to lofe its Mo» 
■tion in paffing 5 in the fame manner as a Bowl will run 
eafier upon th? firm hard Ground, than upon foft Ground, 
or upon the Grafs. And thus as Water is in fome Senfe 
harder than Air, and Glafs harder than Watery and 
Chryftal harder than Glafs, it follows, (i) that Light 
ought to pafs more eafily through Water, Glafs and 
Chryftal, than thtx)ugh Air ; and its Rays ought to he 
lefe inclined, or to approach nearer to the Perpendicular 
in thefe Bodies than in Air. 

39. This may be tried many Ways; I will {how you 39«/«*»-^«- 
one that feems to me very evident. I caufed a Btzk tbt^^rlai-. 
Box A BCD to be made, with a Cover to it of the on of Light 
fame Metal. The Bottom BC Was a Piece of Venice 'oJofA% 
Chryftal, under which I glued a piece of Paper, with ^fntlwlter^ 

ieveral Marks made upon it at Pleafure. I expofed this Box Tab. iv. 
.to the Rays of the Sun, that a Ray, fuch as FE, might ^}^* 5« 
pafs through the XDover at the Hole E, and looking un- , 
demeath, I obferved the Point G, which the Ray came 
to ; then without altering the Situation of the Box, which 
was fiill of Air only, I filled it with Water, which I 
poured in at thfe Hole M; then I obferved, that the 
Ray did not come fo far as G, but only to L, f6 
that it was nearer ths Perpendicular HI, than it was be^- 
^ fore. 

40. Now to find whether a Ray paffing out of Water 40. An Ex. 
into Air be turned from the Perpendicular^ we may make ^f '«««' of 
ufe of a very comnion iLxpenment. Vv e may put any ^^ of Light 
Body, a piece of Money fuppofe, at the Bottom of z, paffing out of 
hollow Veflel, which contains nothing but Air ; then we ^f ''''«'« 
jnay move our Eye B back, till the Edge of the VdTel Tab! IV. 
juft hides the Objcft A; then let the VeiTel be filled Fig/ 6. 
with Water : After which, the Objeft, without having 
changed its Place, will begin to appear by the Ray CB, 

which coming from A by C, will be bent, and removed 
from the Perpendicular ECF, whereas otherwife the Ray 
would havfc gone ftreight on to D. 

(i) That Light ought to fafs more Whtrefou a Ray facing upon H4. 

tafily) Mr. Le CUrc has committed a ter out if Air ^ goei further from the 

/ill-pricing Mii^ake here. Therefore^ Perpendicular \ on the contrary, a 

iayj he, the greater tbi Refiftance of Ray coming out of Water into Air ap- 

the Body is upon which the RayfaUt, proachet, nearer to the Perpendicular^ 

fi much the more dies it recede becaufe Air refifis it Itfs than Water, 

from the Perptndicular, and the left PbyJ, Book V. Chap. Tiii. SeB, 17, , 

tbt Rejifiance^ tbt left dotsjt rttede, cantraty t» all £xp«rieace* 

P 3 41. Be- 
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AJ.of tbi 41. Bccaufe Refraftion will be of great Ufe hereafter, 
^/uVr - *^ '^ ^orth while to ex^ain the Nature of it fully, bj 
jaffim' confidering how it is made, whea Light palles out of 
tbr.ugh a ^jf Jnto Glaffes of various forts of Figures. Suppofe 

T^b^vf** ^^^^^ ^'^ ^*^ fi^^ ^^^ {i) a triangular Prijm KhCj up- 
Fig. 7. on one Side of which, fuppofe AB the Kay DE fells 
obliqiiely. From what was faid before concerning the 
Rays paffing out of Air into Gl;^ls, it follows, that k 
ought not to go on in a ftreight Line to F, but to G, 
in order to approach nearer the Line HEI, which k 
fuppofed to be drawn through the Point E upon which 
the Ray falls, and to be perpendicular to the Surfece 
AB. After which, the Ra^ ^G paffing obliquely out 
of Glafs into Air, ought not to go direflly to L, but 
to M, becaufe it is turned from the Perpendicular 
NGO. 
A.t*OMt 4^' Suppofe now a Lens or a Glafs convex on both 
ji^fraSiton of SiiS^y fuch as is reprcfentcd by the Figure 2B3K, and 
Light f^f ifiaadne a great many parallel Rays, fuch as AB, CD% 
a Ccnvtx EI* > ^^ f^il upon its Surfacc ; now m order to hnd out 
G/fl/i.' how thefe Rays ought to be refracled, we muft lirft 
Tab. IV. draw through the Points B^ D, F, Lines perpendicular 
Fig. 8. to the Glafe, that is, the Lines ABK, HDI, LFM, 
tending towards the Point G, which I fuppofe to be the 
Center of the Superficies 2B3. This being done, we 
may confider, that the Ray AB, being in the Perpendi- 
cular it felf, ought not to be at all refrafted as it paffes out 
of Air into Glafs, but to go on diredly towanls K, where 
it falls again perpoidicular upon the Superficies of the 
Air 2K3 (becaufe it comes from the Point R, which is 
the Center of this Superficies) and therefore it will con- 
tinue to go ftrait on ftfll towards G, without any Refra- 
ftioh. But as to the other Rays, fuch as CD, and EF, 
becaufe they do not fell perpendicularly, it is evident, 
that they will not go direftly to O and N, but will ap* 
protch nearer to the Perpendiculars HI, LM, and go to 
Q^and P, and by this means they will tend towards the 
Ray ABK; and becaufe, having drawn the Lines TQI, 
SPM perpendicular through the Points P and Q, that is, 
the Lines which tend to the Point R, we find that the 
Rays DQ^, FPsfell obliquely on the Surfece of the Air, 
we conclude, that they will be refrafted, and go from 
the Perpendicular, ^o that DQ^will not go direftly to X 
but to G^ and FP alfo will not go diroJHy to V, but to 

(\)A Triatgu arPrrm^ Sec the Notw «a Art. 65, btJow, 

the 
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the fame Point G. The fame may be demonftrated of 
the Rays^ that fall on the other Side of AB, whkh will 
he bent fo, as to interfeA the firft (i) fomewhere near 
the Point G j thus we fee, that it is the Property of a 
Convex^Glafs^ to ,^otledi together the Rays tfJUght which 
fall parallel upm it. 

43. If whilft the Glafs remains in the fame Situatiar^ 4-3- V '*« 
parallel Rays fall upon it from fome other Place, we fliall ^{l^Rayt 
And that they will meet together in fome other Point, and which eme 
not in G ; thus if they come from the right Side of thofe/'^*^^- 
Jbefore drawn, they will meet on the left Side, viz, near '^**' * 
/ Y; and on the contrary, if they come from the left 
Side, they will meet on the righ^ Side fomewhere neair "Z* 

44^ Let us confider in the Third Place, A Glafs that 44* Of tbt 
is thinner in the Middle than at the Edges, that is, a ,%f^"* 
Xrlais concave on both Sides, fuch as is reprefented by^^^ 
GBHIMK, and fuppofe the parallel R^ys, AB, CD, rbnmgh 
£F, to fell upon it. Now in order to fee how they .^^JJ^" 
ought to be sefrac^ed, let us ereft Perpendiculatt at ^e TtT'llf. 
Points B, D, F, where they enter the Glafs : This be- Fig. 9. 
ing done ; fmce the Ray AB coincides with the Perpen- 
dicular, it will enter the Glafs as &r as M without any 
Refradi9n, where becauie it falls perpendicularly upon tne 
Superficies of the Air, it will no more be refradbed at 
going out, than it was at entering into the Glaf^ and 
confequently it will go dipedlly toi^^ But becaufe the 
Ray CD falls obliquely upcm the Surfece of the Glafs, it 
will not go dire<^y to P, but will turn to Q^ becaufe it 
tends towards the Perpendicular NDO ; and becaufe the 
Ray DQ^ falls obliquely upon the Surface of the Air alfo, 
it will not go direiSly to T, but will be refradted to- 
wards V, becaufe it goes from the Perpendicular RQ§, 
So likewife if we examine the Ray £F, we (hall find by 
the like Way of Reafoning, that it will go to Y, and 
from thrice to Z. Whence we fee, that it is the Pro- 
perty of a Conoave-Glafs (2.) to difperfe the Rq^ which fall 
par alhl upon it. 

(i) Smgwbere mmr ttbe P»mi G) whole Thickn«i« BK. ^e Hugm'B 

for the Rayi are not colleded to- J^M^f' Prop. 27. p. 94. and iar» 

gether eza£lly into the row, Se£i» V. 
Tab. IV. fame Place, and the Fo* (a) To difjf^rje thi ffifj^i) In focli 

Fig. 8* cus it not in a Point, bat a manner that they may fccm to- 

inafmallLine, that is^ coive from a fm%U Line, 

in part of the Line KC, fo that fome or fuch Part of the Line Tab. IV. 

of the Rays meet w'tth each other AB as the foremention- Fig« f • 

nearer the Point K than others of ed fnuU Uoe wa«, into 

them. Thoa for Inftaoce^ if the which they were gathered in paiHntg 

Glafs be equally g'bboos on both thrOogh a Convex-Qlalii. 
mtt, that Line will be |. of the 

P 4 45. Let , 
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^y Row the 4^, Let us confider in the Fourth Plaice, a Glafs cut 
fraaedin "^^^^ fcvcral Surfaccs on the one Side, but plain on the 
faffing thro^ Other, fuch as !S reprcfcnted by the Figure ABCDETS, 
%Tf tea! ^^ %Pofe the Rays FG, HI to fall parallel upon it : 
many §7per. Draw Pcrpcndiculars in the Points G and I ; then be- 
fetes, caufe, from what was before faid, thefe Rays ought to go 

p.* ^* towards the Perpendiculars, we are fure that they will 
bend towards K and Q^; and becaufe they again fall obt* 
liquely upon the Surface of the Air ST, we conclude that 
thfey will be refrafted a fecond Time ; fo that GK will 
tend toward L, and IQ^towards M ; and beckufe all the 
parallel Rays that fall upon the fame plain Superficies, are 
equally inclined to it, they will be equally refrafted, and 
confequently will be parallel wten they come out, fo that 
thofe which fall upon the Superficies BC will go along 
. with the Ray KL, and thofe which fall upon AB, 
CD, DE, will go along with the Rays C^, PN, 
and RO. 
^hL^a'^^^f 4^* ^^ ^^^^ ^^ ^^^ Surface TS were covered with an 
freciour opake Body which receives all the Rays of Light that fall 
iitonti can. upon the Supcrficies AB, BC, CD, DE ; it is evident, that 
*^^* none of them will come upon the Parts SQ^arid RT, and 

cbnfequently they will look darker ; whereas the Part QR 
receiving all the Light which falls upon every one of the 
Surfaces ought to appear very bright; and herein con- 
fifts the Luftre of a Diamond and other precious Stones 
which are any way' tranfparent. For they will not fhine, 
unlefs they be cut with a great many Superficies in 
fuch a Mannir as to turn the Rays of Light towards 
one Place at the Bottom, where is a fmaH Plate of 
Gold or Silver to receive the Light, and refleft it back, 
to our Eyes. 
47. Of the 47. Laftly, Let us fuppofe a plain Glafs of equal Thick- 
Refradion ^gp every where^ fuch as ABCD, upon which the parallel 
imlfL^ R^'y^ EF' GH, IL, if they fell obliquelv, fell with equal 
a plain Obliquity, fo that they a^e equally refracfced, by approach- 
es^!/*- ing every one of them towards the Perpendicular, and 
Fig/ 2^ therefore go to M, O, and Q> being ftill parallel, and 
cofifequently equally inclined to the Surface BC; whence* 
it foUow8j that in polling into Air, they recede equally 
from their Perpendiculars, «nd fo continue always paral- 
lel. But we muft obferve here, that the Rays EF, GH, 
ILi which incline towards the Right, vvhen they firft en- 
ter into the Glafs, are inclined as much towards the Left, 
when the^ come out pf it : So that we may fay, the Glafs ' 

■ (0 un-; 
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(i) undoes that by the fecond RefraAion, which it did 
by the lirft (2). 

. 48. Since Light not only ihines, but heats alfo, we 4-8. ihatali 
may here add ; .that though we cannot perceive any LZltart 
Inequality in the AAion of luminous Bodies, but that eapoNfof 
they feem to impell uniformly the fecond Element which^'''^"^"'^ 
furrounds them, towards thde Bodies which terminate '**' 
their Aftion ; yet Reaibn fliows us, that they a«3 more 
ftrongly at fometimes than at others ; not only l^ecaufe 
their Parts are not aH equal, nor are they always the fame 
which are applied to the fame furrounding Matter to im- 
pell it; but alfo becaufe this A6lion is at firfl commu- 
nicated to a tranfparent and liquid Medium, the Parts of 
which continually move out of their Places. And this 
caufes the fmall Globules of the fecond Element to im- 
prefs a kind of Trembling upon the Parts of the Bodies 
to which they are impelled by the luminous Bodies ; and 
becauie Heat confifts in fuch a kind of Agitation, it 
follows, that all luminous Bodies ought to produce fome 
Heat. V 

49. However^ it may happen that this Heat may not 4-9' J^y 
be at all perceivable, either becaufe of the Weaknefs of !^'; J/^^^^ 
the luminous Body, or becaufe the Organ upon which it o/fimeium^ 
2ijQs is rotter than it. Thus if coming from a Fire we "*"' Bodies.. 
expofe our felves in a cold Night to the Rays of the 

Moon, we fhall find it very cold, becaufe in fuch Crr- 
GuiSuftances, we give more Heat to the Air which fur- 
rounds us, than that does to us. 

50. And as the Sun is very bright, fo it ought to raife ^o, 7bt 
the moft fenfible Heat in us ; and fo we find by Ex- ffrfrixinft 
perience every Day that it does ; nay, to that Degree, ^kTsui^ 
that when its Rays are collefted by a concave-Glals, they Heau 
will not only fet combuftible Bodies on which they fall, 

on Fire, but will melt Metals, Stones, and Flints, 


" (i) U/idots that fy (be fecond Re^ 
fraSfion) We muft naVe a Cire of 
thinking, that the fecond' 
Tab. V. Refra^^Ioa fo undoes the 
Fig. 2. fiv^, that the Objea is 
fcea in its true Place \ for 
the Ray BQ^xtended bacl^wards will 
not coincide with the Ray LI, biic 
fall to the right Hand of it, and that 
fo much the inore> the thicker the 
Giafs is. But as to Cok>urs the fe- 
cond ReTra^ion does indeed undo the 
firfJ. $ie tbe J^Qta on /ijtf 65. 


(it) That double and irregular 
Refra^ltion of If land Cbryftal, where- 
by not only the oblique Rays are 
feparated into two Parts on the 
iame Supeificies by a double Re- 
fradion ; but alfo thofe that fall per- 
pendicularly are half of them re- 
fraded likewife, is very difierenC 
from all thofe hitherto explained : 
The Explicjtion of this you may fee 
iJkNewt* Opt* ^, 331. 
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which are very difficult to mdt with File; as I my 

felf have feen. 
51. ibat ^i^ Having fuftciently exphined the Nature ofLigfatp 
^dylrnt ^^^ the common Properties of it ; the firft Thing that 
tbtimmedi' we obferve concerning Colours, is, that they are not per- 
ateCaufiof ceivcd by the immediate Application of tfaecobiued Ob- 
M 'Jc{w. joft to the Organ of Senfation: From whence it follows, 
that it does not of it felf excite in us that Senfiition of 
CJolour which we have upon looking on tt ; for wc cer- 
tainly know, that one Body cannot aft upon another 
without immediate ContaA ; but whatever there may 
be in the coloured Objeft, in which its Colour confifts, 
we mud think, that it afb thereby upon fbnie Medium 
which it finds, and by that Means ads afterwards tipon 
our Organ of Senfatbn. 
c2. rbat it 5^- ^f the coloured Objeft only had been confidered, 
utbediffi- which generally is at reft, when it affefh the Senies, I 
r*nt ^^^'/- doubt the manner of its afting upon the Medium wo«ikl 
^Ma^» tf ' never have been difcovered, and OMiiequently we fhould 
Light that never have known diftinftly what Colour confiils in. But 
di'^Jt" ^^ ^^ obferve, that fuch Bodies are not to be perceived 
^nftttimof in the Dark ; and that in order for them to appear co- 
c^kufi in loured,^ it is necefTary for them to have fome Lidjtt, the 
** Nature of which is to be refiedled, when it mom with 

a Body which it cannot penetrate ; it is eafy to conclude, 
that it is the Light which adls upon our Organ of Scn- 
fation to make us perceive any Colour, and that; the 
whole Aftion of the coloured Body confifls ih giving it 
(2) feme Modification which it had not before. 

53. This 


(1) Some Modiji cation vobich it 
had not before) In order to explain 
the Nature of Colours we maft ob- 
fcrvc, 

i/i. That it is found by Expsri' 
■ence, that the Rays of Light are 
<oinpoumled of Part'cles different 
from one annther : that is, wh'ch 
are (ss is highly probable) fbms lar- 
ger and forne Imalier* 

4///jr, That a Ray, foch as FE, 
falling upon a refraaing Superficies 
fn a dark Room, is not 
Tab. IV. rcfradied whole to L, but 
fig. 5. as it were fplit into a 
great many fmaller Rays, 
fome of which arc refradlcd to L, 
others cf them to fome other Points 
^twixt L and G : That is, (as is 
▼cry probable likewife) thofe Par- 
ticlts of Light which are Xmalieft, 


are the eafiefi of aU, and the aioil 

turned out of a ftreight Line towards 
L, by the A^ion of the refiraalsig 
Superficies ; and the reft of them» 
according as they exceed each other 
inBignefs, are more difficultly, and 
lefs turned cut of m right Line^ to 
the Points betwixt G and L. 

3^4?, Thofe Particles of Light 
which are moft refrafled, make a 
ihiall Ray of a Violet Colour $ that 
is, (as is veiy likely) the fmalleft 
Particies of Light, fejitrated from 
the reft in this manner, excite the 
Aotteft Vibrations,ia the Tunica Re» 
tina, to be proptgated from thence 
aiong the folid Fibres of the opUck 
Nerves into the Braia, here to ex- 
cite the Scnlation of Violet Colour, 
the darkeft and the fainteft of all 
Colours. And thole Particles which 
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53. This being fuppofed, there cannot be an eafier 
Way to come at the certain Knowledge of the Nature 
of Colours. Forfince Light is nothing elfe but a parti- 
cular Motion of the fmall Globules of the iecond Ele- 
ment, or at leaft a Difpofition to a particular Sort of Mo-> 
tion ; nothing more is requiiite for the underftanding of 
Cdours, but only to examine the difierent Modificati- 
ons which this Motion is capable of, and to find out what 
there is in the Bodies which we call coloured, to caufe 
thefe Modifications. Now the firft Thing which offers it 
felf, and which is the moft fimple Modification, is this, 
viz. That this Motion cannot but be weak» if all the 

Rays 
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are refraded ]etft> they mtke a fmall 
Riy of a red Colour; that is, the 
biggeft Particles of Light| excite the 
iongeft Vibrations in the Timiea Re^ 
t'ma, in order to rsile the Senfation 
of a red Colour, thebrichteftof all 
Colours ; and the other Particles are 
alfo every one iirparated into fmall 
Kays, according to their Bignefs and 
Refrangibility , in order to excite 
intermediate Vibrational which raiie 
the Senfations of intermediate Co- 
lours' Much in the fame manner, 
as the Vibrations cf Air^ according 
to their d'.fierent Bigneiles, caufo 
Senfations of dilftreot Sounds. 

4rA/y, The Colours therefore of 
ihrXt imall Rays, fince they are not 
accidental Modifications of them, 
bat €i»Qate, original/ and neceilary 
Properties of them, confiding (as is 
highly probable ) in the d'ffcrent 
Magnitudes of them, are permanent 
and unchangeable ; that is, fuch as 
cannot be altered by aay future 
Refta£tion» Reflexion, Or any other 
Modiification. 

S^bly, As the Rays of different 
Colours begin in this manner to be 
feparat|d by thtJStigle Reflation of 
9ne Superficies ; io that Separation is 
tnuch more compleated ( fo as vt- 
ty eafiiy to be perceived by our 
Senfes) by that douhU Refra£lioii 
( the Firft being increaied by the 
Second) which is made in the two 
Si^det of a Triangular Glafs Prifm, 
(the PhaBiiomena of which ate folly 
txplamed in the Notes on Art* 65* 
bslow) and in the double Refra^Bon 
made in the Superficies of Glalfea 
pf other Flg9res> according as their 
Superficies are further from being 
parallel to each other, fuch as the 
Objcd CaiTes af Tdefcopei; ^u 


(and this is the Reafoa why they 
cannot be made perf<r£l, vm. becaufe 
of the Separation of the coloured 
Rays, ^ee the Notes oHCbap. zxxiii. 
Art- %%,) ' 

6tbfy, As the Rays of different 
Colours are feparated by the Refrac- 
tions cf Piifms, and other thick 
Bodies, 6> are they iikewife fepa- 
rated in another manner, in Very 
thin Plates of any tranfparent Mat- 
ter. For all Plates, which are thin* 
ner than a certain determinate 
Thicknefs, tranfmit the Rays of all 
Colours, and refledl aoae; b«t at 
their Thicknefs increafes in aa A- 
richmet'cal ProgrefliJo, they begin 
to refie£^> firft, Rays that are intirelf 
Blue : then Green, VelloWj Red^ 
in order \ and again. Blue, Green» 
Yellow, Red ; but more and mora 
faint and mixed, till at hftt when 
they come to a certain Thicknefr, 
they reficSt the Rays of all Colours 
throughly mixed together, juft aa 
they ^11 upon them^ and thefe make 
White. And in (hat Part ofthethln 
Plate where it reflets any Colour^ 
for Inftance, Blue, it always tranf- 
mits the contrary Coloor, vix Ktdp 
or Yellow ! For the troth of all 
which Phaenomena, found ont by 
numberlefs Expenments, and for 
the Calculation of what Thickoefa 
the Pkte ought to be, to reftcA 
particular Colours, and for the Rea- 
fons why Plates of particular Thick- 
nefs refleA particular Colours in this 
Manner, fee die eminent Sir Ifaae 
, Nenton moft clearly difcourfing iii 
his Opt, Book II. 

jtbly. All natural Bodies are mide 
vp of very thin tranfparent fmalt 
Platet ; which, if they beil^rego- 
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Rays of Light which fall upon an Objefl in a certain 
Order, and in a certain Quantity, be not reflefted back 
in the fame Order, nor in the fame Quantity towards one 
determinate Place of the Medium where the Eye is fixed: 
And we are fure, that this muft neceflarily happen, if the 
very fmall Particles of the illuminated Body are fo difpo- 
fed, as to make a rough and uneven Superficies ; for then 
the Rays which come as it were parallel from the lumi- 
nous Body, fall upon fuch a Superficies with all forts of 
Obliquities, and therefore are fcattered and reflected all 
Ways ; and this is the Reafon why the Eye does not re-^ 
ceive the Light with its full Force ; but only a certain 
fmall Number of Rays are determined by this Super- 
ficies to come to the Place where the Eye is fixed ; and 
hence we may conclude, that there is fome particular Co- 
Jour which confifts only in the Roughnefs of the Surface of. 
the coloured Body, and which gives no other Modification to 
the Lights but only this, that it refleSfs it all ways indiffe- 
rently in the fame manner as it received it, 

54. Now as this is the leaft Modification of Light that 
can be j fo the Body which caufes it ought to refemble 
the luminous Body as much as pofiible, that is, it ought 
to excite in us the Senfation of Whitenefsy which comes 
the neareft to Light of any Colour. And this is confirm- 
ed by Experience ; for the white Colour of EJlamps Sand 
is found to confift in this, that every Grain does thus re- 
flefl any Ray of Light all Ways. For when we look up- 
on any of the Grains with a Microfcope, they have no 
Colour at all, but are tranfparent, like fmall Pieces of 
Chryftal of all Shapes, or like lit|le Diamonds which af- 


hrly difpofed, w^th rfgaid to each 
Other, that there is no Reflexions 
or Refra£lions in their InterAiccs, 
then thry conftitute a transparent 
Body. But if their Interfticjes be ia 
large, and filled with fuch Matter, 
or fo empty (propoiticnabJy to the 
Denii y of the Parts thexnfelveF) that 
there aie feveral Reflex'ons and Re- 
frafti'ns made within the Body, 
then that Bcdy is Vpake. [See Art.^, 
abc've) Further, tho^e cp.keBcdiea 
which arc mude up of the thinnefl 
fmall Plates of all, are Black j and 
ih^le that are made up of the thick- 
cfV fmill Plates, or of fuch as arc 
cf vfry different ThlcknefTes, and 
are therefore fitted to rcfleflall Co- 
lours, fuch as the Ffcth of Water, 


thefc are White ; and thofe which 
are made op of fmall Plates, the 
mofV cf which are cf fome interme- 
diate Thickne's, are therefore Blue^ 
Green, Yellow, or Red, viz. by rc- 
fic^ing net ail the Rr.ys of that 
Colour, but moreof thofe th^ of any 
other Colours \ the greateft Part of 
which other, they either fuffocate, 
and by intercepting them, extingui/h 
them quite, or elfc they tranfmit 
thtm ; whence it is, that fome Li* 
quots ( for IjifHnre, an Infufion of 
Lignum Nephriticum) appears Red 
or Yellow by a reflcfted Light ; and 
Blue by a rranfmitted L'ght j and 
Leaf- Gold sppears Yellow when 
Jooked upon, but Green pr Blue when 
Icokcd thfcui^,. 


ford 
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ford fuch a Paffage to the Light, that they refleft it all 
XVays in the fame manner^ as they received it. 

55. We may further conjefture, nay, we may be af- 55* ^^-^^ . 
fured, that the Effence of Whitenefi conftfts in nothing elfe r^^j^i^^ 
but the Roughnefs of the white Body, if we confider, that caufe^biu* 
we cannot make fome Bodies rough, but they will alfo ^'f'; 
become white at the fame Time, nor take away their 
"Roughnefs, butwe muft likewife take away their fVhite- 

nefs. Thus Goldfmiths make Silver white, by putting it 
firft into the Fire, to take off all the Drofs and Dirt 
Which foils it ; and then dipping it in boyling Water, 
into which they caft a certain Quantity of Tartar and 
common Salt ( which are corrofive Bodies, and proper to 
make the Superficies of Silver rough and uneven.) And 
to take off the JVhitenefs^ they do nothirig more but 
rub the Silver with what they call a Blood-ltone, which 
is very hard and fmooth 5 which by prefling upon the 
Part it is applied to, muft neceflarily deprefs the Parts 
which ftick up, and raife the Parts which link in, 
that is, take off the Roughnefs. 

56. As we take it for granted, that a white Body does s^- ^h « 
not abforb any of the Rays, but that its Saperficies re- J"^"' ^"'^ 
flefts them all Ways indifferently, it follows, that we Zhenving- 
cannot place the Eye any where, but tliat it will receive ed tver^ 
pretty near the fame Number of Rays as if it were placed ^^^* 
any where elfe \ and confequently the Body ought to ap- 
pear white from what Side foever it is viewed. But the 

Cafe of plain polifhed Bodies, fuch as Looking- Glaffes, 
is different ; for when they receive the parallel Rays of 
Light from one Side only, they can refleft them to 
the other Side only, where they may dazzle the Eye, 
but they will not refledt Rays to any other Part. 

57. As Black is contrary to White, there is no doubt 57. o/tbc 
but that the Effence of Blacknefs confifts in the contrary '^'*'*'^* "/ 
to that of IVhitenefs. Wheretbre, as it is neceffary, in ^^^^*^^^'- 
order for a Body to look White, that it fhould refleft the 
Light which falls upon it towards all Parts in the fame 
manner as it receives it, fo that there can be no Place, 

but that a fufficient Quantity of Rays muft affefl: our 
Eye : So likewife ought we to think, that in order to per- 
ceive Blacknefs, there muft come no Rays at all to the 
Eye I and confequently the Bodies which we call Black, 
and which appear fo to our Senfcs, abforb all the Rays in 
fuch a manner, that they refleft none of them to make 
any Impreilion upon the Eye : And becaufe a Body can- 
n9t d^ftroy the Motion pf another Body, but by gaining 

it 
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it itfelf, it is eafy tp conceive, that the Parts $/ Black 

Bodies are very fine and broken^ fo as to he eafify Jhaken. 

58. Why a 58. And this is confirmed from hence. Firft, Thai 

^B^i^it -Dtfri«^, that is, thofe Places where Bodies having na 

Light falling upon them, can reflet no Rays to the 


0rt not 


Bia€k,d^jfa^yesy (i) z^ipcsiX9 BlacL Secondly, Sbadowsj or thofe 
^tf^^rfi. pj^^-gs, which, by reafon of the Jnterpofition of fome 
\ . opake Body, do not receive the Rays of Light from the 
luminous Body, or receive but a few of them, appear 
Black. LafUy, A well-poli/hed Body^ which does re- 
ceive a great many Rays of Light, but refledh them to 
- the Side oppofite to us, appears Black. 
50. Why 59. Thefe Things being allowed, it will not feem 
Wo^wben fl^fange, that Flame which is fo bright, (hould convert 
!r coaY,'' ' White WcMid into a Black Coal. For it is manifeil, 
turut Black, that the Wood has loft a great many of its Particles, 
which ferved to nourifh the Flame ; wherefore thegreateft 
Part of the remaining ones are fo (2] diflinited, and eafily 
fhaken, that they abforb almoft all the Light that falls 
upon them. 
60. rb0t all 60. I fay, the greateft Part only are difunited and eafy 
^^^"1^* e^to be put in Motion, and not all of themj for it may 
aet£lfci» *^PP^^> tl^at the fineft Particles which are on the Out- 
fide of the Coal, may be like Down to cover the more 
folid Parts, and fuch as are capable of refle(5tihg a fuifi- 
cient Quantity of Rays of Light : And thus we fee^ that 
after the Fire has carried off all that it can confume of the 
Coal I there yet remains a great many Parts which com- 
pofe the Cinder, which are pretty folid, lor they appear 
of a,whit]{h Colour. 
6t. That, 5 j^ Becaufe the Particles of Black Bodies are more dif- 
^w!*Black united than thofe of White Bodies, it follows, that thev 
Bediet eugbt contain Icfs of their own proper Matter in the lame Bult 
7fn'ehin ^'^^^ ^^^'^ other. And becaufe tlie more a Body has of 
wtiiC heavy Matter, the heavier ought it to weigh, therefore 


(i) AppMrs Black) ThisSs taken 
tmtof Ariftet/i'sfrji Book of Colour t. 
Chap !. Thore aro Three Wayx that 
Blafk ffppfart tout* When nvecat. 
Kotfee at all, it it naturally Black, 
Or %uhere there it no Light hrcught 
to our FytM. Or vohtre the refitBed 
Light is very rare an4 fmaU\ and 
thus Shadows appear Black. 

(2) Difunited and eajity fhaken) 
And they very eafi!y and l^rongly 
make other Beiies^ to which they 


are applied, of t Black Colwr, b«« 
cabfe the very fmill Particles cf the 
Coal, the Number cf which is veiy 
great, eafily c ver over the groflix 
P4rticies cf other Bodies. But thia 
Opiijion^ decerning the Nature of 
Blacknrfs, in general is rety mttcn 
ccnfirmed from hence, vr'ai. that 
Btack Bodies are fooner heated ; and 
if wetted y grow fooner dry than 
White, as is confirmed by very cer- 
tain £j[perinentff« Set dirt, 6z* 


we 
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vre ought to conclude, that cateris paribus of two equal 
Bodies, the one Blacky and the other White^ the latter 
ought to weigh more than the other \ Wherefore the Wood 
ought to weigh more than the Coal ; and a piece of tfljite 
A&ble rnore than a Piece of Blacky of the fame.Bignefs, 

62. Hkvingthus explained the Nature of TVhite znd 62* my the 
Blacky we fhall eafily underftand the Reafon why the Rays ^^y'^ "fj^^ 
of the Sun coUefted by a Convex-Glafs, will not burn bydco^ex- 
at all, or hum with greater Difficulty White Bodies ; but Ghjs, burm 
will eafily kindle black Bjidies^ though they be both com- fjl^f/^^fj^' 
buftible. For it is evident, that the White Body which X/'^/a "' 
reflefts all the Rays that fell i^n it, is not fhaked by fT^ite. 
them, and that the JBlack Body which abforbs and 
^boaks all the Rays, therefore abforbs them becaufe it 
receives all tlieir Motion ; by which Means it begins to 

grow hot, and at laft takes Fire. 

63. Hence we fee the ReafcMi of a Faft which we 63 friy 
ihould not Jcnow but by Experience ; which is, that ^^^^^fjl' 
TVhite^ Bodies weary the Sight, and Black ones refrefh it. the Sigbt, 
For we cannot look upon White, but we muft receive the «»^ B!aek 
Impreilion of a great Quantity of Rays, which fetigues J^" '^^'''^ 
the Sight, whereas we fee Black when no Rays come to 

us, which refrefhes it, 

64. From all which it follows, that thofe Bodies are 64. Wbst 
the whitejl which reflefl: all Ways, and with the fame^''^/^* 
Force, all the Light which falls upon them ; and on the Tiaci^^ ^b9- 
contrary, that thofe Bodies are the hlackejl, which abforb dies of aU. 
the Light the moft that can be. Such we have reafon to 
believe black Velvet to be, becaufe the fmall Threads of 

Silk of which it is made, are like Briftles, and fo placed 
as to be as rough as poffible ; wherefore it is ttie blackeft 
Thii^ in the World. 

65. As to the Modifications of the Rays of Light, 65. of the 
which excite in us the Senfation of other Colours ; as Nature of 
Redy Yelhnvj and Bke, we ought to think that they con- 5^f^||^^*" 
fift in this, viz. that the fmall Globules of the fecond E- 
kment, which compofe the Rays that are reflefted from 

all fuch Bodies, have not fo much Force or fo great a Dif- 
pofition to go on in a ftreight Line, as the Globules of the 
Rays which are reflected from white Bodies, and therefore 
inftead thereof, they are fome way turned about their own 
Centers; and fo part of the Force which they had be- 
fore to go on in a ftreight Line, is fpent upon this 
Motion. Which may be juftified from hence, that we 
cannot conceive what other Alteration than this can hap- 
pen 
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pen to the. 'Rays of Light, in paiTing through (i) a tri- 
angular. '<jlafs Prifm ; and yet we fee, that by going 
through this Prifm, they are capable of exciting in us the 
Senfation of Redy Yelkw^ and Blue, 

66. But 


(l) ^ triangular CUfs Prifm) 
Bccauft the Experiments of a trian- 
gular Prifm, are as it were the 
Touch'ftone by which eveiy Hypo- 
the/is, and every Theory^ concerning 
the Nature and PropeitieB of Co- 
lours, is to bs examined and tried ; 
1 fhall not think it too much trouble 
briefly to enumerate heie the prin' 
cipal Phaenomena as they are eX' 
pU:ned by the famous Sir Ifaae 
JVirwron all along in his Opticks* i. 
Then, the Rays of Light tranfmit- 
ted through a Piifm, paint an image 
upon the oppofite Wall, difHngui/hed 
into various Colours, the Chief of 
which are. Red, Yellow, Green, 
Blue, and Vlrlet. 2. This Image 
is not round, but when the Angle of 
the Prifm is about 6o or 65 Degrees, 
five times as long as it is broad. 
3. Thofc Rays vthkh make a Yel- 
low Colour, deviate more fiom a 
ftreight Line , than thofe which 
make a Red ; and thofc which m^ke 
a green Colour, deviate more than 
thofe that mike a Yellow, ^c. and 
thofe which make a violet Colour^ 
deviate moft of all. 4.. If the 
Pufm, through which the Rays are 
tranfmitted, Jbt (0 turned about iis 
i\xis, that the Red, Yellow, Green, 
&c Rays fill in order through a 
fmall Hole upon another Prifm, a** 
b.ut twelve Foot diftance, and be 
turned another W»y j the Yellow, 
&c. Rpys, though they fail with 
the fame incidence upm the fecnnd 
Prifm as the Red do, yet they will 
not be turned upon the fame Place 
as the Red, but will be carried fur- 
ther towards that .Pait, to which 
the Rcfra::iionis made* Further, if 
in the Place of the fcconi Prifm 
they be received by a Giafs that is a 
litt.e gibbous, the Yellow, Green, 
^c. Ravs, every one in their Or- 
der, will meet in a Focu^ fooner 
than the Red. 5. The C lours of 
the coloured Rays, well feparated, 
(the manner of do.ng which, you 
may fee in Newt Oft* f. 54, l^c) 
cannot be dcftroyed, nor any Way 
altered by repeated Refra^lions* 6. 
The Colews. of coloured Rays can- 


;•" 


tiot be at tU altered, by paifiog 
through a Place that is Light, nor 
by croffing each other ; nor by xht 
Gonfiocs of t Shadow ; nor by re<^ 
fle£Hng them from any natuml J(o«- 
dies in a Place dark every wheri^ 
clfe« 7* All the coloured Rays to** 
gether, coUeAed either by feveial 
Prifms, or by a Convex or Concave- 
Glafs, mike White, but wheii fe- 
parated, after croifing each others 
they ail exhibit their own Colour* 
8. if the Rays of the Sun, fall up- 
on the inward Superficies of the 
Prifm, with the greateft Obliquity 
that any of the Rays can be tranf^ 
mitted at, thofe that are reflected 
will be Violet, and thofe which are 
tranfmit'ed will be Red. 9* if thers 
be .two Prifm«, the one filled with a 
Red L-quor, and the other with a 
Blue ; the two Prifms clapped toge- 
ther will be opake, thougli if the/ 
be both filled with a red or blue Li- 
quor, they will be tranfparentwheq 
clapped together. 10. All natural ) 
Bodies, but efpecially White, whea 
looked at through a Prtfin, appear 
to be bordered on one Side with a red 
and yellow Colour, and on the other 
Side with a Violet and Blue. 1 1. If 
two Prifms be fo p!ac;d, that the 
■ Red of the one, and the Purple of 
the other > be mixed on a prcper 
Piece of Paper, furrottnded with 
Darknefs, theie w 11 be a pale 1- 
mage j which if it be looked upon 
throogh a th rd Prifm at a due Dif* 
tuice, will appear duubJe, Red ar.d 
Puiple. 12. So likewife, if two 
^orts of Powder, the one perfeftly 
Red, and the other perfe£^ly Blue,, 
be mixed tcg;;ther, and any imsM 
Body be c'aubed thick with that 
Mixture, it will appear to the Eye 
through a Prifm . to have two lma« 
gea, a led and a blue One. 

Thefe are the moft general Pheno- 
mena of the Prifm ; (to reckon up 
all the Particulars which arc worth 
obferving, would be endlefj;) from 
which it appearsatfi. ft Sight, that 
the Colours cann'>t confift in the 
turning round of the Gbbulcs only, 
according to Cr.rtes, nor in the Ob- 

liq^r'ty 
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66, Bat for the ^rer underfllSsiading h^reqf ^ let the ^6- o/tBt 
Side BC of the Prifnv ABC bef.c9vGfed.all. ©vet wtli ^f^jT./ 
fome opakc Body, except the PUc^.rDE, where, ihco? Light paf- 
is to be a Hde in the opake Body for fome of the ^ys f%fip»g^ 
FI, GL, coming from the Sun FG to pais t^irgu^ j p^j^' 

< ♦ » • . ' Fig* t« 

t/" /i&tf Pr>)« fbrottg^tobrcb tb^tia^t 
^iwtrdnjfkitttdy he fo turpid ahut 
it* Axis, that tbt R4d,TtI/ow ,Qrieft, 
Ac. RaySf fall in orttef ihH>'' afmatl 
HQk fi/fon another Prifm about twelve 
Le£l, 1%, towards the End. Bvt *Foot difiance, tnd be ttimed ah^thtf 
thefeind all other Phenomena of f^ay t the Telfozo, Sec. IRays, tbh* 
Cofetjrs, are very eafily and clearly tbfjf fyll toifb the Jam tnctd^ee tif* 
cxplarih^, by the true Theory of that on the fecond Prtfm as the Red de, 
incompaVabie Perfon fo of tea cited. - 'yet tbeykoilln9t be tt/rtied-apen 4bi 


liquity of the Pulfes of the aetherial 
Matter, as Mr. Book thought^ Mu 
'€rog, Obfif, 9,nor in the Light being 
thick and rare, or flower moyed ; aa 
the /amous Barrow conjednies > 


•fgrne !^/ace as tbi Red,'^^rU bi 
etfrried farther towards • tbut ' P-Mrti 

to whici'the Ref raff tin is mkde^Fut^ 

•tber. t/ in the Place of tbefetond 

'Prif/rr, they be received by a Giafi 

•that it a '- net 'e gibbous y the T^aw^ 

Oreen^ &c. Rayij foery vne iH thiijr 

order, will meet in d Focuifoonir than 

the Red: Becaufe the YelW Rayt 

are more refra6led than the Ked^ 

and the Green than the T^low,? 

and the Blue and Violet m6ft' of ailL 

. Fifthly and Sixthly. The Colour 

of the coloured Rays toell fiparated, 

'cannit^^be defiroyed , nor any toay 

alte/td, by repeated Refr off ions, nor 

by paffing through a light Place, nor 

'by crcJRng each otber^ nor by the 

•Confines of a Shadow, nor by «-* 

tra. y, irt the plane Glals 'fieStng them from any naturml Bodies 

abef (arm alf) in the Prifch in. a Place dark every tobere elfe ^ 

Becaufe their Colour!: are «ot Modi- 


For Flrft. Tba Rays of Li^Bt 
trantmitted . tbro* a Prifm, faiKt an 
Ima^e up^k the oppofte Wall, difiin- 
guifibed into*v artousXolours : Beciule 
the Coloured Rays are feparated bV 
Refraftion. Thus the blue Rays, for 

Inftance , marked 
Tab. XXII. with the prick d 
Fig. I . Fig. !• Line , which begin to 

be fep> rated in the 
Side ca of the Priroi abc (and alfo 
iif the firil 'Superficies of the Globe 
of Water ab() trom the reft by the 
firfl Refradion *n dd ; are feparated 
Aill more in l>c thi other Side of the 
Pri^m (and alio in coming out of 
the Globe abc) by a feoond Refrac- 
tion towards the fame paxt 
Fig. 4. in c : Pot, on the con- 

Kg 3 


^A? placed in anothef Situation, the 
blue Rays, which begin to be fepi- 
tited f om the reft in the firilr Su- 
perficies in dd, go out p^rpllclia 
the other Superficies, the Refra6li6a 
being made the contrary Way, that 
Ut they are mixed again with the 
Colours of the other Rays. 

Secondly. Ihis Image it not roitnd, 
hut about five times at long as it is 
br^ad \ Becaufe fdme Rays are inoite 
refraAed than others, and therefore 
they reprefent a great many images 
of the Sun like one Image drawn 
into a great Length. 

Thirdly and Fourthly. ThofeRajs 
which make ayelhw Colour, deviate 
more^m a ftreigbt Line, than thofe 
which' niake a Red^ and tbofe vtbich 
make a j^reen Colour, deviate more 
than thofe that make a TtUaw, &c. 
0tsd tbcfe which make a violet Colour, 
dttfiate mofi of ail s jind further, 

V O L. I. 


^Cations arifing from Refraftion y 
but immutable Properties beionginj^ 
to' their Nature. • • • 

SeVefltl^ly. All the coloui'ed Rayt 
togetbiir,^ colleffed either by fever ai 
Prifmi, o^ by a convex or eoncavt 
Glefs, make ff^bite j but wbenfipa^ 
rated after crcjftng each otbei", they 
all exhibit their 'own Cofiur : For aa 
the Ray, before it was <itv ded 'into 
fever'al Parts by RefraAioh, was 
^hite; fo by thofe Parts being 
mrxed together again, it becomes 
White again ; and the coloured R^yr^ 
when they unite , do not dcftroy 
one another, but are only mixed 
togeth er. And hence it i s, that Red> 
Yellow, Green, Blue, and Violet 
Ponders mixed together in a certain 
Proportion, are fomewhat whitiih ; 
that is, are of fnch a Colour as ari- 
&a firom m Mixture of White ani 
Q^ Blacky 
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tl^eb,' lodof^itig to what was fidd b^fore^ will be sefraft** 
ed in fiich a fiiamifir^ that the Rsn^ FI will tend towaids^ 
M, and irom thence to N, and GL will go to 0> and 
horn thence to P. Wbnice it is to be c^ferved, tW 
FT9 GL aie diierefore turned out of the Way in this 
ihatmer, becaufe the fmall Globules at their entering into 
the Glafs) find an eaiier Pailage thisWay, that is, towards 
the ri^t Hand, than towards the Left. Thus for in* 
ihnce s I^et ST V be (me of thefe Globules,, we muft 


MUck» aii4 wooU be entirely White^ 
If fiune of tlie Rayi were not eb. 
ktktA : So Hkcwiie if a nrani piece 
pf Pa^ be piintcd with all thoie 
Golottct diftinft ftom etch otlier> and 
k t oeicilo PfopordoDy and then 
turned very quick roend upon Its 
Caiter» that by tlie Swiftnefc of the 
Motion* all the Specieaef Coloors 
miy be mixed together in the tyt | 
the pttdtuhr Coloan wiU inunedi. 
ately vaniA, and the Paper will look 
all of one Coloory whkh is a Me. 
diom betwixt White and Elack. 

Eighthly, l/tbi Rayi of the Suh 
•Jail upm the inward Suptrficiet of 
the Prifm^ with thtgrtattfi Ohlifui^ 
ty tb^t awy of tbt Rayt can be tranf- 
mitted at, iioft iffbicb art refitSiid 
toill bf VioUt, and tbofe vfbicb art 
tranjwuntdf will bt tLed^ Becaufe 
the Ra^8> being coloured before Uiey 
were refraAed at all* and the niore 
th^ are capable of being refraded, 
the feoner are they rejieded alib$ 
are Icparated in thia manner* 

Ninthly, Jf tbtrt bt iW9 Prifmt, 
tbt oMfiUtd wiib a RtdLifu^r, and 
tbt otbifr foitb a Blmt, tbt two Prifnu, 
tlappedtogttber, will be tfake, tbt* 
if tbey bt botb filed witb- a tied or 
« Blue Liquor f tbey will He tranfpa^ 
rettwben elafptd togttber: Becaufe 
one of them tranfmit none but Red 
JUysy and the other none but Bine, 
thereibre when put together^ they 
can tranfmit none at all. 

Tenthly, AR natural Bodies, but 
tjptciallf f^bitt ontt, wbtn loektd at 
through a Prifm, apptar to bt bor* 
dered on one Sidey witb a Red and 
Tellow Colour, and on the otber Sid* 
witbaBlueandnolet, Becaufe thofe 
Borders are the Extremities of whole 
Images, which the Rayt of every 
Species, according as they axe more 
or lefs refraAed, exhibit at a greater 
or left diftanoe from tnc true Place of 
theObjea. 


Eleventhiy and Twelfkhly, ^/w# 
Prijmi btfeflattd, that tbt Red of 
tbt one, and tbt Purph of tbt otber, 
be mixed on a Piece of P^perftted 
for tbe pwfoje andjurroandtd wiA 
Darineji j tbere wiubo a fak Baage, 
wbicb if it bt loektd upon tbrougb a 
tbird Prifin, at a due di/lanet, will 
apptar double. Red and Purple s So 
liktwdfe,iftwo Sortt ofPovfder, tka 
oneperfemy Red, and the other per^ 
feBly Blue, be mixed togtthtr, and 
aty fmall Body bt dawbtd tbitk witk 
that BSixture, it will appear to tbe 
Bye, tbrougb a Prifm, to have two 
Imaget, n Red and a Blue one: Be. 
caufe the Red Rays, and the Purple 
or Blue ones are Separated by an un« 
e^ual RefradHon. 

Moreover, thirteenthly, Jf tbo 
Ray which are tranfmitied tbrougb 
a^bbout Glaff, be received upon 4 
Ptece^P^fer before tbey meet in the 
Focus, the Coufinee of Li^bt and Sba • 
dow willfeem tinged with a red Co* 
lour, but if beyond the Focus, with m 
Btue : Becauie in the former Cafe, 
the Red Ray8,'wh!ch are fiomewhat 
leis refraded, are uppermoft ; but 
after oroffing hi the Focus, the Blun 
areib. 

Fourteenthly, If the Rays that 
p through one half of the Pupil bo 
intercepted by aty opske Body put 
€hje to tbt Eye, tbt Rxtremitiet of 
the ObjeSs beyond, will appear ting» 
ed witb Colours, as tbey do tbrougb et 
Prifm, butnotfovivtd : Becaufe the 
Rayi which are tranfmitCed through 
the other part of the Pupil, arc fepa* 
rated into Colours by Reframn, 
and will not be diluted by the Mix. 
tore of the intercepted Raya, which 
would have been refraded thecon« 
trary way : And hence it ia, that a 
Body which looked at through two 
Holes in a Piece of Paper, appeara 
double, appears tinged with Cdoura 
aJfo> 

think 
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think that the Si^rfictes AB determines it to move to- 
wards S, rather tlmn towards V, and confequentlv to turn 
about its Center in the order of the Letters ST V, which 
it will continue to do die whole Length of the Line 
IM. And becaufe when it is come to M^ where it un- 
dergoes a Refra£Hon towards the right Hand -, this is a s 
Reafon why it Ihould be turned about again in like man- 
ner ; thexefore it muft be acknowledged, that the fmalt 
Globules which come out of the Gla6 towards N, are fo 
modified, that befides the Difpofition they have to move 
' iireight ak>ng, they have a Difpofition alfo to turn about 
their own inters. 

67. What was affirmed of the Globules of the Ray Si.rbattU 
FIMN is to be underftood alfo of thofe of the • Ray f^^f;^^^^ 
GLOP and of all the other intermediate Rays. But af- Modtfica. 
ter the fecond Refraftion, which is made at the Surface tiomintbefe 
BC, we find on the one Hand, that the fmall Globules of ^2' v. 
the Ray MN are turned about in the fame manner as Fig, 3/ 
they were at firft, from a new Caufe j for the Shadow 

on the Side D flackens the Motion of the Globule M on 
the £une Side ; and the Ra3rs which are between IMN 
and LOP being itronger than the other, profs upon the 
Side (^of the fame Globule, and becaufe they move the 
fame Way as it turns, they quicken its Motion oil this 
Side: And on the other Hand, we are aflrured,'that the 
Globules of the Ray GLOP, have the Rotation which 
tbey had acquired nrom thefe two Refradions hindred by 
'Two Things. Firft, From the Shadow which hinders 
them on that Side on which they were moft ftrongly 
impelled^ and retards their Motion. And, Secondly, 'Be- 
caufe they are impelled on the other Side, by Rays that 
are ftrcmger, and which imprefs a Motion upon them, 
contrary to that of their Rotation. 

68. Havmg thus confidered the feveral Alterations, and €%,mattb9 
the Reafons of thofe Alterations which may happen to ^^^'^f^^ 
the Rays of Light in their Way to the opake Body NP ; Rays are 
we find, that the Globules which fall near N are turned ''"^i'^^Sf', 
round with a greater Force j than that with which they are ^^^ ^ 
msVed OH in aftreight Line j and on the contrary, that the ^Ari. 
Globules of tne Rays which fall near ^P, move on in a 'p^ ^* 
freight Linoj with a greater Force than that with which **' ^* 
ib^ turn round their Centers. And Laftly, That their 
intermediate Rays, about X, have pretty near the fame 

Force to turn roundy as to mvoe Jirei^ht akng. But by 

JExperience we find, that we fee Red in i^, BlUi in r, 

Tellow in X, Orange between N and X^ and Gnen be* 

Vot. L 0^2 tweea 
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tween X and P ; whence it appears what the particukr 
Difpofitions of the Globules which compofe the Rays of 
Light 31*6, to excite in us thefc Senfations. 
69. What 69. Now there are twoThirigs in the Objefts ( i) which 
^ofHilured ^^ ^^ coloured, which may caufe the feme Modifica- 
Boditicon- tions in the Light, as thofe acquired in paffing through a 
J^fi "»• Prifm. For, Firft, Their Particles n^y be fo tranfparent^ 
that the Rays of Light may penetrate a little way into 
them, and be fefrafted, before they are reflefted : Se- 
condly, (and which may produce the fame Effeft, and 
be the Caufe of the Colours of different Objefls) Their 
Particles may be fo fmall and uneven, that the Globules 
of the Rays of Light which fall upon them, may com- 
municate fome of their Motion to them, and hy that 
Means they may be turned round and reflected back, in 
the fame manner as a Ball thrown with great Force up- 
on the Grafe, is flopped a little by the Spires and turned 
round. 
79, rbaico- 70. I^elther can it be doubted, but that fome of the 
loured Bo' partlcles of coloured Bodies are really tranfparent, as may 
fome mt^' ^ ^cn by the Help of a Micro/cope^ in all kinds of Sand^ 
furetranf- Flint-ftone, Marble, Sugar, Silk, Wool, Hair, Herbs^ 
farent, ^^^ ^^^ infinite number of other Bodies, 
y J. That the 7 1. And that the Particles are very fmall and broken, 
surfMii of IS evident, not only from hence, that coloured Bodies ap- 
'Jl^aremaje pcar. coloured whcn viewed all Ways, but is further con- 
rougb by CO. firmed from the manner in which Colours are made by 
huringtbem* t\^Q Dyer 5. For, fince Brafil- Wood, Indian- Wood, In- 
dicb. Yellow- Weed, fffr. will not tinfture any Thing 
with a red, violet, blue, yellow, 6fr. Colour, unlefs there 
be fome Allum mixed with them, wemuft conclude, that 
this penetrating corrofive Body infinuates itfelf into the 
Pores of the Cloth, and dilates them 5 whereby there i« 
• Room made for the Water to enter tinftured with the 
feveral Colours, which fink irito the Cloth in fuch a man- 
ner, as to leave fome on the Superficies, which caufes a 
kind of Roughnefs, and makes it Capable of all. the diffe- 
rent Modification^ of Light. 
7». That the 7 2. After what has been faid concerning Dyings it is 
^Uh^Boifei ^^c^ff^ry to make one particular OWervation about Blacky 
mrtmartbro- and that Is, that bccaufe the Roughnefs, in which this 
,ktn tban Colour confifts, muft be the greateft that can be, to ex- 
Tirf^ tingui/h all the Rays ; therefore in dyiiig Cloth of a Black 
Bodits. Colour, Allum and Nut-galls are not fufficient alone ; 

{l)^ Jfhicb we call coloured) Zzt ^hQ'it Artt ^%*^ - < 

- • ' but 
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• but there muft be Vitriol infle^d of Allum, which is more 

' corrofive than Allum j and further, to make the Vitriol . 
corrode the more, they put the Cloths to be dyed into 
the Copper, and leave them for fome time in the boiling 
Liquor J whersas in dying of other Colours, they only 
dip the Cloth feveral times into the Liquor, which is but 
juft warm. 

73. Since the Particles.of hlach Bodies are the moft 73« Why 
uneven, it is eafy to imagine, that Cloths and other Stufis *'*'* ^/^'^ 
of this Colour muft tear and wear fooner than thofe of than ^thtru 
any other Colour. 

74. Further, if we confider, that the darkeft Colours 74* Wfy 
require that the Particles {hould be the fmalleft that can J^f cSLn 
be y it is evident, that we may eafily make a light Piece w/// 4fye of 
of Cloth of a dark Colour, becaufe it requires only to ^/rktrCe^ 
have its Superficies made rough; but becaufe it is very ,^,^^„^^^^^ 
difficult to make it* fmooth again ; therefore Cloth of a 

dark Colour, can very hardly be dyed of a lighter. 

75. Now, when I fpeak of the Particles of coloured TS.ItUwtt 
'■ Bodies, I mean only the very fmalleft of all ; many Hun- ?ff^- 

dreds of which may be united tc^ether difierently, in or- cftbef^iS 
der to compofe groffer Parts which may be of very dif- CUoitrftxmld 
ferent Figures, in the feme manner as difFeient B^iWings^*^^ 
' may be formed of Bricks, which are all alike. Thus vife J 

know, that coloured Bodies afl: upon the Eyes by their 
fmalleji Particles, and upon the Tongue by thofe which 

• are larger ^ and compbfed of the other ; whence we con- 
clude, that Things of th? fame Cobmr have not neceffarily 
the fame Tafte. 

76. Since there arc two Sorts of Particles in the feme 76. i!>» «/- 
Bodies, thb {hows us, tliat if we make any Alteration in ^[^^Vplr. 
the fmallerSort, $ho Colour muft be changed likewife^/zv/^/^aliji* 
And fo we experience it in Herbs bruifed in a Mortar ; BodyjbeCo* 
and in Colours which Painters grind upon a Stone, ^"ch J^^"^f!f'' 

• as Vermillion and Orpiment. But if the Body be fuc}i, 
that the fmalleft Particles of it cannot be altered, neither 

can the Colour be changed ; as we fee in fome Paints, ^ 

. which are not fq eafy to be altered as thofe, mentioned ; 
cfpecially as Herhs, whofe Particles have before a prop^:? 
Motion of their owp, as being in fome meafure liquid, 
which helps to dafti them againft each other, and to kr 
parate them into fmaller Particles than they would other- 
Vfife be. 
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^•j.Bmj yjr. From what has been faid concerning coloured B^- 

Twbt^ap. *^^®» ^^ particularly concerning a whitp Body ; we flwy 

pear, which infer, that if there fall no other Rays of Light upon a 

wr«/wj white Body, but thofe that are caft upon it by another 

d^Ld^ti ^^y which has already modified them, the Kays will 

not be altered at all by the white Body, hut refleflr 

ed back to the Eye with the fame Modification ; fo 

that the Body inilead of appearing White, will appear 

of the Colour of that Body from which it received tbe^ 

Rays. 

7%. jicurU yg. We may be convinced of this by a very oirious 

' * j^"' Experiment, which it is not very difficult to malpe. Th^ 

Way of doing it is this. Let all the Windows of the 

Room be fiiut up clofe, except a very fmall Hole, thro* 

which the Rays refleded from the Qbjeds dh the outr 

fide, may enter in ; then let the Rays fall upon a white 

Cloth, or any other white Body,and it is pleafant to fee the 

different Colours of the Objefb which are painted upon it. 

79 my ths 79* TVas Experiment perhaps may raife a Difficulty iii 

^aiont 9f jhe Minds of fome, who may imagine, that different 

07trl^!' ^^y^^ ^^ difierendy modified, paffing through the fame 

miettdtM Hole, mufl hinder one anotho", and confound their re-r 

cmtandthe fceiftive Aftioxis : But it will not be hard to gqt clear of 

doZfJ^^ ™* Difficulty, if they confid(Br in the firft Place, the yaft 

tdch ubtTt number of Pores that there is in the leaft Quantity of 

BfftS*, Air, or of any other tranfparent Body, which afford a 

PafBge for an infinite number of Rays, if I to^j io 

fpeak, Vfithout difturbing one another. But that which 

is principally to be confidered, and which takes away 

the Difficulty intirely, is, that the Light, ^ the Ov 

lours, do not confift fo much in aftual Motion, as in 

a Tendency to Motion* or a Preffiirc. Now it is eafy 

to apprehend, that an infinite number of thefe fort of 

Aftrons, different from each other, may he tranfmitted 

through the fame Point without confounding one ano-r 

^ ther. For inftance, fuppofe a Force equal to a hundred 

^;^' yG\xvA Weight, applied^ to the Point A, of the ftreight 

Line AB, puihing it towards B, where we fuppofe alfo, 

that there is a Body able to refift this Force. The Line 

VVB could not move at all according to the Direftion of 

AB, much iefs can it bend towards C or D, bccaufc 

,it i^ ftreight y but the Icafl Force that can be, will bend 

it towards any Side whatfoever. Thus if any Force in C 

pufhes it by E towards D, if it be but the Force of 

one Pound, it will bend it towards D : But if we fuppofe 

another Force in D which can refifl that of a Pound, 

this 


tbis YiU binder the Line AQ from bending ; fo that;t)]e 
Force whicb is at A, ihall tranfmit iti Adion whole a^d 
entire to B, without bdng difturbed by the Force ii^luch 
is at C: And the Force which is at C fhall tninfmit its 
A<Stion to D, without the leaft hindring the Continuance 
of the A^on along AB. So likewife we may imagine 
a Force at F equal to five Pounds a<5ling upon a Body 
91 G, The fame Point E therefore may ferve to tran^- 
n^t as many AAions as we will» without at all confound^ 
ing them. 

8o« A£ber wlat I have already faid : I have but one ^o.ThatC^" 
Thing more to remark concerning the Diftinflion that is ^^Sw/JT' 
ufiially made of Colours ; vh^ that fome of them are tiigJfjhJi' 
iruf pr real Colours, fuch as thofe of X^pi^ry* ^d o- into inte and 
thers /alfi ox fiemng Colours only, fuch as thofe ftea'^JJ^^LTJ^^ 
through a Glafs Prifm. But I don*t fee any Foundation hx%d^ 
this Diftin^on, becaufe the Reality is juft the fame in 
each of them : For if the Senfation of Colour which we 
have upon viewing a Piece . of Tapiftry be real j that 
which we have in looking through a Prifm is as real ; for 
the Prifm is as real a Thing as the Tapiftry. And in* 
deed it is the iame Light which caufes us to perceive 
the Colours through the Pr^, as caufts us to perceive 
the other. 

8i. If any one, in order to fupport that Diftin<flion of 8i. rbatmH 
Colours which we have juft no>y rejefted, replies j that SjJ'*-^^ 
there is at leaft fome &lfe Appearance in looking through {fS^ 
^ Prifm, becaufe we apply the Colours that we fee, to /«wi* 
Objedls where they are not ; To this I anfwer, that the 
Fault is not in our Sight, but only in the Judgement 
which we make afterwards* And if this were fufilcient 
tQ conclude) that th^e are fidfe Colour^ $ we may 
for the (ame Reafon hf y that all other Colours are 
falfe likewife, becaufe we ^ually falfely refer th^ Sen^^ 
fations which are caufed in us by them, to the coloured 
Objefls. 

8*. Nor have they fucceedcd any better, who owning %%, That 
all Colours to be equally real, have yet diftinguiflied them J^""* '*• 
4nto £xed and Jfying ; giving the Name ped to thofe^^'^JJ^ 
which the other called real ; and the Namey^Z/ifg- to thofe guifiing c#« 
which thep^her Q^iieA falfe : For if the Eye continue ne- ^p^'J^^\ 
ver fo Ipng aff^i^ to the Prifm^ and during that Time^^^f" 
the Light intervene in the fame mjanner, we ihall always 
fee the hiK^ Colours ; fo that thefe are /lo lefs fixed and 
4u{<)bW) iW ^tip'^ <>f * Pfcce of Tapiftry. 

0.4 ' 83- All 
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5J* '?^ 83; AU the Difference that b to be found in the dv- 
^^ "^ ^ jefls that raife in us any Scn&don of Colour, is only this; 
mabttwtm that A)mp of them, fuch as the PrifiiL, feem to xeqoire 


tb€9n§mU ^ijg||. ^ j;ye fhould be fixed in a certain Phce, out of 
^ ' which there is nothing to be feen ; whereas othns, foch 
as Tapiftry, appear of the &xnc Colour, which way fe 
ever they are looked upoii. However, if we confider the 
Matter a little more dofely, it is certain, that the Prifin, 
and theTapiftry, agree in diis: that the &nie Parts of di& 
Tapiitry which reflcft the Light to the Eye when it is 
in any certain Place, does not refleft die £ane to it, 
when it is removed ever fo little out of Aat Race ; 
and the only Reafbn why' we percdve the fame Cokar 
when we change our Place is, becaofe inflead of thefe 
Parts, thofe Parts that are next to them, and \riiich are 
cxaflly like them, refleft theXight in the iamfc manner. 
If therefore the Eye were fixed in one certsun PoGdon, 
from whence it mould lee fome particular Places of the 
Tapiftry. of fome particular Colours, and God iheuld 
annihilate all the other Parts of the Tapiftry, fo that 
they could not at all refled any Light in the Phoe 
"Vvbere the Eye is, it would continue to fee the &me Co- 
lours \ but if it fhould change its Place, they would im-p 
mediately disappear. 
S4. Oftht S4. This being well underfllbod, there wiH be no great 
I9stur9 0f Difficulty in explaining thofe Cblours which we call 
c^u Changeable^ fuch as we obferve in a Duck's Neck, or in 
9 Pidgeon, or in a Peacock's Tail : For it is eafie to con- 
ceive, that the Parts of thefe Bodies are placed in fuch 
order, that thofe of them which are proper to modify 
the Light after one particular manner, are difpofed to re- 
ile<3 it to one certain Place ; and thofe that modify it 
in another manner, refleft it to another Place. Thus 
if the Eye be in the Place where the Rays come, 
which caufe the Senfation of Red in us, then the Ob- 
jeft appears Red, and if it be placed where the Rays 
which caufe Yellow are reflefted, the Objcd apfseais 
Yellow. 
%^.A Com» 8 c , This is confirmed from hence ; thatWorktnen have 
b tSk f^^^ ^^^ ^ Way to make StuiFs of a changeable Colour, 
CokZr^wtfb by making the i^arp of a Light Colour, and the Striking 
ibtn^imade of z Cilour not quite fo Light : But what moft refem- 
^j^t, y^ the ObjeiSls to which we afcribe thefe changeable 
Colours, are thofe channelled Tables which repr^fent 
different Sorts of Things, according as they are viewed 
froni different Places : Fpr one of thefe Tables, when 

It 
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it is looked difeftly upon, reprpfents a Cafar*s Face ; 
when looked qpon on the Right Side, it reprefents a Cat, 
and on the L^ Side a' Skeleton. Thusj as they are 
difierent Parts of the Table which make thefe difierent 
R^refe^tations^ fo likewife are they different Parts of the 
Pidgeoh which caufe us to fee different Colours. 

86. If after what has been faid concerning the Nature S6. ^e «- 
and Properties of Light and Colours, there remains any ^^Z'^ftieseF 
farther Difficulty, it will befolved afterwards, when we julbtand 
have particularly (ixamined the Nature of Vifion: And Coioun cm* 
this is what I (hall proceed to; which I the more rea- ^^^'^'yj^^* 
dily do, becaufe the following Parts of this Trcatife of hant «- • 
Natural Philofophy, depend in fome meafure, upon Ob- fj^^^«^ ^ 
fervations made by the Help thereof, fo that it is necef- y^r^ ^ 
faiy to know all the Circumflances of this Sort of Sen^ 
iktion^ which is the moft wonderful of any that we are 
poflei^d of: I (hall begin with a Dcfcription of the Eye, 
and to avoid Tedioufnefs, I Ihall mention only thofe 
Things which belong particularly to this Subje£L 

CHAP. XXVIII. 

A Defcription of the E TE. 

'lyHILST the Eye is inclofed in the Head of any i-. oj tb. 
^^ Animal, the Bones which furround it, hinder us ^'f^'^ 
from feeing what Figure it is of ; but when it is taken Tab. v. 
out, we find it is round, and ftich as is reprefentted in the f'S* 5- 
Figure ABCDEF. FABC is the foie-part of it, or 
that which fticks out ; CDEF that part which is inclofed 
in the hollow Bone of the Head. 

2. AB is a tranfparent Part of that particular Coat of s. Of tb» 
the Eye which is called the Tunica Cornea. TuniciCor* 

3. BCDEF A is the reft of this Covering, the Parts of 3" 0/ that 
which that are.next to A and B, are called the White of vtbieb joins 

thcEyti. wwteV^' 

4. AILB is the Tunica Uuea^ in which thei^ is a Hole tbi EyJ 
IL whkh i& called the Pupil, s^ Of tbe 

5. MN, MN, are certain black Filaments, which arc '^f'^J^l^ 
called the Ciliary Ligaments ; there is a certain foft and Pupu. 
tranfparent Body called the ChryJialUne Humour which is 5* V '** 
iu^ded upon them. ^^- 

6. The Space QPC^ia filled with a tranfparent Li- 6. o/tb$ 
quor, which is very fluid like Water, and for thatReafonis Aqueous 
caUed th? Jqums ffumour, 7. NONP """""^ 
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7. Of the ^. NONP is a tianfpaient Body of the F^;ure of 9 
»2£lJJ!* L«^' * ^^^ ™^^ convex on the Superficies NPN thasi 
on NON, which, becaufe it is a little b^xd^ is calked 
tke Cbryfiallim Hunuur. 
%. ofth€ 8. The left of the Cavity of the Eye RRR is filled 
vitieoui ^th a flimy Matter, almoft libe the White of an £gs». 
Homcur. ^ch is mbre tranfpaient than either the Aquoous <»r ^ 
Cryflalline Humour, and is of middle CSonfiflency betwixt^ 
tfami, ( for it can es^er becomprefled tban the Chiyftal* 
line, and yet it is not fo fluid as the A^pieous HuiQOujri ) 
and this is called thi Vitrious Hianmr. 
9.0fik$ 9* D£GH is a Part of tbs Oftkk Nervi^ whc& Ca* 
Oftick pOhments TS, beginning in the Brain, and reaching to 
V ^^^ the Eye, form at the Bottom of it a curious Pieoe of 

Net*work which Phyficians call the Retina. 
xo. rbta 10* I purpoiely forbear mentioning the Number and 
»*• J/^ e^Names of the &veral Coats with wluch tl« Eye is c<>- 
i/4(i/' '' vered, becaufe they are not of any particular Ufe in ex^ 
plaining the Nature of Vifipn ; but I nuift not omit to 
take notice, that the Superficies of thefe Coats are all 
Black in thoie Places which aie over'^^nft the BoeKm 
of the Eye. 
IT. oftbi II. The wh(4e Body of the Eye is encompafTed with 
Mi.^ ^^^ MufcUs^ four of which are called Righu and the o. 
ther two OMr^^, Eveiy Nerve, whicbi&^houg^ttobc 
the Original of the feveial Right Mujiksy is derived im- 
mediately from the Brain, from wbeaoe it comes along 
through a little Hole in the Bone of the Head, and din 
yides it ftlf jnto theie Mu£cles, every one <^ which is in« 
ierted into fome Part of the Coat of the Eye, fiicb as 
that here maiked F, in fucha manner, that of thefe four 
Muftles, the JFirft is above, the Second below, and the 
other Two on each Side this Coat* And as the abliqu^ 
Ah^ies have their Origin alfo in the Brain, their Necv^ 
are bent round, fo tl^t they feem to come from that 
Cojfner of the Eye which is next the Ear, and one of 
them spreads over the Top, and the other along the 
Bottom of the Eye, and fo crofs the four right MudTcks^ 
and then are. inferred intathe Boi^e of the Nufe. 
tx, TbeUfe ^2. There is po one Mufcle in the whole Bio^^ bjMt 
•f the Muj- what is fomettmes filkd with a certain Liquid .like ^ery 
^Ei!^ '^* thin and fine Air^ which comes to it from the Brain aktng 
^'' the Nerve which fadongs to \u This Liquidis what Phy* 

ficians call the Animal Spirits^ which cannot fwell the 
Mu£cle without ihortfiing it cxr l^eiuiig the Length be*- 

twixt 


twixt the Origin and the Place into which it is inferted. 
Thus when the right Mufcle whi<^ is above, is filled 
with Spiri^ thi^ Eve muft (legefTsirily ^ lifted up, and 
when th^ Thr^ otn^r right Mufdes are filled in their 

Tums, tlm Q^^ einbi^i to t\m tlw? Ey« downwards, or 

to the Right, or to the Left Side, But what is very 
remarkable here, is, that if thei^ four Mufcles be film 
;dl at the faipe time, tbey vi^ alteir the Figu^ of th? 
Eye a little, and niake it flatter than it w^s before Bat 
as to the oblique Mufcles, I am not of the £mie Opir^ 
nion with thofe IHiyrioians who £|v di|tt tfaoy 6rve p> 
fum tiw Evp round nkp ^ PuUey : I xath^ think, th^t 
^7 are filled both ^of^ther with joints, and bj tint 
Meat]is fiiortnBd^ and fi> th^ preftupon the Eye and al^ 
fcr its Figuie, in fuch fi manner, piat tfae fove^Mtrt of 
jt is made more ^bbous, and tlie hitidei^past funk c^ litd^ 
deeper in ; and ^i^ nukes a greiler DiAance betvroen 
the GbryftsjJIin^ Humour and the ReUna, 

13.. To thefe Altserations of the Eye we may add, that xj. Tbattb^ 
the pupil is capaUe ctf dilatmg and coiitnu^ it iUf. p^^iy^' 
And ^ttis we fihd^ diat it dilates it iUf, when we tie in /^^ jLtL 
jPlaoes w^re there is but a little Light, and when we 
try to look at a g^t Diftance ; and on the other Hand, 
It contiaAs it ftif wh^ we are in a very li^ Place^ or 
look at an Objeft vtrf near. y 

14. Lafiiy, we may obienre, that if die two OpMk 14. pj /£# 
Nerves be purfued to the Origin of them, we fliaU find, ^^*^ 
that after they coine mto the Skull, they appreacfa nearer ^^^* 
and nearer to each other, till at laft their Coafisaie n|ixed 
togethep, and they beoome one and the fame; but alta* 
wards they are ieparated again, and then enter into ^ 
very Subftance of th^ Brain, after which we fde them no 
more. Wheie&re to add any Thing fiuther about this 
Matter, would have no Similitude ^ Truth, unlets it 
were to account fpr certain Phsenomena ^iMch otherwife 
jcould not pebbly be explained. 
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CHAP, XXIX. 

How Fijion is commonly explained. 

• 

I. jFbat it A RISTOTLE has faid nothing in particular as to 
*^^«'^ ^® manner how Fijion is performed j for though the 

tkat^AAfto- Title of the Seventh Chapter of his Second Book of the 
tUbai/aid Souly concerning Fifion^ ieems to promife treating of this 
2®^*'?ff tf- Matter fiilly ; yet he fays nothing more of it, but only 
this ; that the Objefl muft aft upon the Medium in order 
to have its Adion tranfmitted to the Organ of Sight. 
It is true indieed, that he fays further in the Twdfth 
Chapter of the fame Book ; that in every Sehfation we 
receive the Imager gi the Things^ but not the Mat- 
ter; in the fame manner as Wax receives the ImprejSion 
of the Seal, without r^ning any part of the Seal it felf ; 
but here Ukewiie^ what he fays i$as general and loofe^ as 
what he iaid in the forecited Place ; and the Con^ari- 
fon which he mak^, does not at all (bow us how ib 
great a Number of Parts of which the Objeft is. compos 
fed, can be diftinflly perceived at the fame Time, nor 
how ij^e can know the Situation, Diftance, Bignefe, Fi- 
gure, Number, Motion or Reft of the Objeds which 
are in our View, 
a. Ttht Opi' 2. The Followers of Arijiotle faw plainly, that he fell 
ariM 0^ at yery much (hort of teaching what one would wifh to 
ans«^r' know upon this Subjeft ; and this ha$ put them upon 
Vifion. trying to find how this Doftrine was to be underftood. 
Thus taking the Word Image^ whifji he fpeaks of in the 
forecited Place, in the literal Senfe ; they affirm, that the 
vifible Objeft imprefles an Image upon the Air which 
furrounds it; that this Image imprefles another a little 
lefs upon the Air beyond it, and this imprefles a Third, 
a little lefs ftill, and fo they go on till there is one im- 
preflTed on the Chryftalline Humour oi the Eye, whicl^ 
they pretend is the principal Organ of Vifion, i or that 
Part of the Body which the Soul makes iipmediate ufe 
of to caufe Senfation. Thefe are what they call inten-^. 
tional ImQgei or Spacies ; and in order to explain their i 
Manner of Production, they fay, that the Qbjefts caufe 
^hem ipi the fame manner, as our own Image is produced 
in a Looking-Glafs. 

3. From 
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3. From what has been already faid, it fuiEciently ap- 3» p^ae tb§* 
pears, that I agree with Arijhtle himfelf ^ but I can by ^^^^^^ 
no Means come in with his Fcdiowers in this Thing of aU explain 
their intentional Species^ the Nature of which feems to me '^* J^^tttre 
inconceivable, and has all along put their Underftandings'9^j^Jju^j 
upon the Rack. And it is a mere Sophifm to pretend to Spedd. 
eftablifh their Opinion upon the Infbnce of a* Looking- 

Glafs, becaufe reflefted lodges are harder to be explained 
riian direct. 

4. There is no need of mentioning all the Abfurditie^ *• ^* ^^' 
confequent hereupon, in order to fliow that there is no-fj^^'^^^^j 
fuch Thing as intentional Species, It fhall fufficeonly tp 
obferve ; that if They are diminiflied in the manner tihey 

fay, it will follow, that when an Objeil is feen at ten 
Yards diftance, the Species of it is only as little again, as 
when it is feen at five Yards dift^ce ; that is, an Objeft 
of fix Foot in Length in the one Cafe, will appear of 
three Foot in Length in the other Cafe. Wherefore if 
the Eye and theObjeS be within five Yards of each other. 
It can receive but a very fmall Part of fuch a Species, and 
confequently we could, fee but a very fmall Pirt of thfe ■ 
Obje^ ; but this is contrary to all Experience, for we 
can fee fuch an Objedintire at fuch a Diftance,' nay, at 
a much left. If they fay, that thefe Species diminifh o^ ^ 
therwife when the Eye is nearer to them, than when it 
is fuithes* off; they muft allow then, that a Thing ina-^ 
nimate, and which a(5b necefikrily, has however Under* 
Handing enough to proportion its AfHon fo as to per-* 
form the fame T)iing at diflEerdnt Diftanoes. Which 
-being abfurd, : it follows, that the Foundation upon 
which their 5/>^riV; is eftabliflied, is abfurd aMb. 

5. It is riot only without Reafon, but contrary to Rea- 5. That fi: 
ibn^'to affirm, that Vifim isperfeaedin the Chrjftallinef^jy^,. 
Humour, and that the Vitneous Humour behind it, is of f|/ oJJyfl* 
the fame.'Ufe as the Quicfcfilver behind a Lpoking-Glafs, ^Wmc H\i< 
f»%; t/b terminate *He ASion of the vifiWe Objcft : For ^^^^' 
Ndoubdefs the Object oi^ht to continue fts Adfion thro* 

the Vitreoi|s Humour, which being one of the moft 
^tranfparent Things that We know of iii the World, can* 
iiot fieafonably be compared to Quickfilver, which is very 
opake. To this we may adc^ that fince the Chryftalline 
-fiumour S5 found in both Eyes, and two Species are 
formed by it at the fame Time, if That wete the prin- 
cipal vOi^tn . of Vifion, it would follow, that we muft 
;always fee the ..Objeft double, when we look upon it with 
botbEyes at once. 

• * 6. This 
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6. Neither 6. This kft Re&fon fliows alfo how felfc the Opinion 
/i/ii?/« ^*^ ^^^''^ Philofophers is, who affirm the Retina ta is tb$ 
/^•Retina, frincipdl Organ cf Fifiift. 

7. That it 7. As to die Opinioa of thc^e who contend that this 
/omeltTj Scnfation arifes from hence, that the Aifien of the Ol^e^ 
the P/0(e, is carried t$ the Place where the Optici Nerves meet ; thb 
vhere the is confutdd bf the Experience of AfMwnifisy who have 

Na¥Mair</. ^*^*"^ ^'^^^ Ncrvcs fqpanted in the dead Bodies of fome 
' Men, who, when they were alive, faw Things in the 
£u!ie manner as others do. 

CHAR XXX. 

Of the Faffage of the JUgbt tbrougb tbt Humours 

of the Eye. 

t.Jkf9th4 T T^^ ^h^t moft of thofe vfho have endeavoured to 

^eniPhi' ^ eacpbin the Nurture of Vifum, have run iato great 

uffben Mifbdtes^ principally from heaoe, becaiife thchr attempt 

mftaken ^ ^>^ many Things at a Tnne, and did not oblerve 

mpem this my Method or OhfelT : Their MiflakewSl be aHelp to 

^Mb ^ US) if, upwi obferving, that Vifion is a Conftquence of 

the A^iion of the Ob^S: upon both the extenud and in* 

temal Oigans; vre, in the firft Place, inquijie, hew the 

Rays ef Lights which are the Means If which any ObjtHs 

^refeehy are received hy the Humonrs if the Eye. 

%, 9Wr it 2. Let us fiippole, for Inftance, Z to be l;|ie Eye, and 

it fufficient ABC thc Objcd ; there is no doubt, bu^ that every 

%TfJ^ Pomt, that is, every the fmaHeft vifibfc Part of this 

jZoftUfi\ Objea, ibnds forth Rays all Ways th«K^ die Air, to 

*^V/^* ^^^7 PJ«* ihrhere it can be ii9en ; but becaufe th<)fe 

fim ^ only whidi pais through the Pupil are of anyufe to 

PeiMt tf an caufe Vifion, wc wiU examine thofe only whid &11 u^ 

T^%L *^ ^^ ^^^ ^ ^ Tunica Cemea which ajtifwers dm&r 
)y to the Pupil : Thus, in order to examine the A6tion 
of the Point B, it is fufficient to confider iTome few o^ 
the Rays which come from this Point, fuch ais BD, 3£>^ ~ 
BF. , 

3 Tbatfom 3. Now becaufe the Ray BD is perpendicular to the 
i'^'th^^' Superficies EDF, it will not be at allrcfraaccl in paffing 
Bottom 0/ out of the Air into the aqueous Humour, wherefore k 
the Eye ^U continue on in a ftreight Line to H, where felling 
TifrTai^^ 2gain perpendicularly upon the Superficies of the Chryf- 
ataii. talUne 


talline Humour, it muft go on ftiU dire&ly to M ; and 
htK felling again likewife perpendicularly upon the Su- 
pei^cies of the Vitreous Humour, it muft go dire^y to 
the Point O in the Bottom of the Eye. 

' 4. But the Ray B£ not Ming peipendicular upon the 4* /'Z ^ 
Superficies EDF, where it is to pafi out of Air into M^^J,^ 
Wate^-it-oudit tobe refra&ed, and to go towards the 0/-fitfjt«;!^ 
F^rpeiidicularEP, and confequently it will tend to fomc *»'' ^^ 
JWntof the Superficies of the Chryftalline Humour, fup- 'fZfiUm 
pofe G, whicli is fomewhat nearer H, than it would be om Part^ 
without futh Refiaaion : Again, the Ray EG likewife, ^ ^^^; 
not being perpendicular to the Superficies GHI, through ^of^e^ae 
which if is to p&is out Of the Aqueous Humour Into zintUtuaid* 
denfer Medium^ it ought to be refra&ed 9gain, and go^>^ 
towards the Perpendicular GR, and confequently to ar* 
rive at fbme Point of the Vitreous Humour,a8 L, which is 
nearer to M than if there had been no Second Refra(9ion: 
Laftiy, Becaufe the Ray GL is alfo inclined to the Su-* 
perficies LMN, through which it is to pds from a denfe 
Medium to one that is much rarer. It muft be refnu9jed, 
and go fixxn the Perpendicular LT, the Pofitionof -which 
is iiich, you fee, that the Ray, by going from the Peiv 
pendicular, approaches, toward the Ray BDO; and we 
may conceive it refntded in fuch a manner, that it flu^l 
go to the fame Point that the Ray' BDO went to^ thai; 
is^ to the Point O. So likewife if we confido* the Ray . 
BF, we iball find that the Refrat^ons will carry it from 
F to I, ahd from I to N, and that at laft it will meet 
the other Two at O. And fince the Rays which faU 
betwixt PE and BF, are not quite fo much refraSed as 
they themfelves are, it is evident, that they cannot do 
otherwife than meet all together in the fame Point O. 
Thus we fee, that the Pwit B a<fts upon the Bottom of 
the Eye, in the fame manner, as if the Pupil were of 
no Breadth, and s^ if there were to come but one Ray 
ynth a Force equal to the Forces of all them that are 
c(»itained between BE and BF. 

5. Now if we^onfider the Rays whi<jh come from any 5* ^*' '** 
other Point of the Objca, as from A, we ftall find, that f^'Xtm^ 
all thofc which enter into the ^ye, will he refracted difftr^ 
in fuch a Manner, as almoft to meet all tc^ether in ^ointtoftbe 
the fame Point X. And fo Ukewifc thofe. Rays which J^^', f^ 
come from my other Point between A and B , will many differ 
meet very near together in fome PoRit of the Bottom 'JT'^*"*'* 
of the Eye between X and O. So that we may affirm %^ ^*'" 
In' general, Hiat ewry Point of the Oije^f^ aQs very 
2 nearly 
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nearly but upon on^ and tbejdnie Point iri thi Bsttdtn ofihs 
Eye ; and on the other Hand, That every Point of the 
Bottom of the Eye receives very nearly the Imprejfipn of one 
Point only of the Obje£f4 

6. rbat tbi 6. I fay very nearly, not cxaftly. par if the Su- 
^"^Ifr^^ perficies EDF, GHI, LMN, were of fuch a Curvature,- 
*fme F^nts ^ ^^ Carry the Rays from one fingle Point, fuch as Bj 
4om re- ' to another fingle Point, fuch as O, exa<ftly j it would be 
*^f «'*' ii&poflible for them to unite the Rays which come 
^bofimbicb from any other Point, fuch as A, becaufe every other 
tome from Point is difFercntly fituated> from B with refpeft to the 

^^^ntJ' Eye. 

7. 3*tff if 7. Now we may obferve, that if the Objeft be re- 
sbeEjeentid.xaovtA further from the Eye, in fuch a manner that the 
Tit^nd tbe P^iJ^^ B continues always in the Line BD,' and the 
Refrakions Shape Or Difpofition of the Eye be no ways altered ; the 
eouidntt re- Rays which come from the Point B to the Pupil, will not 
*?eRcStt diverge fo much, or be at quite fo great a Diftance from 
ibe Rays each Other as they were before ; wherefore in entring the 
yi>fcbcome Three Superficies EDF, GHI, LMN, they *will here- 

from ObjeBs /• r» 1 • /• 1 ' %' A 

"at all forts fracted m fuch a manner, as to reunite a little nearer to 
•/ Difian. the Chryftalline Humour than the Point O is. On the 
Tab. VI. ^^^ Hand ; if the Objeft be lemoved nearer to the Eye: 
becaufe the Rays which come from the Point B in dr- 
der to pafs through "the Pupil, diverge more than they 
. did, their Refra<fiions will caufe them to meet beyond tte 
Point O. And the Objeft may be fo very near the Eye, 
that the Rays which come from any one of the Points, 
may divei^ fo much, as never to unite at alL In all 
which Cafes, 'tis plain, there would be no one Point of 
the Objeft, that would not effafl too large a Portion of 
the Bottom of the Eye ; and confequently the AAion 
of each Point, would be confounded by that of the Point 
which is next unto it. 
%. Of tbe 8. This is what would happen, if the Figure of the 
madefJTbe ^Y^ ^^ ^^^ ^ altered ; but to remedy all thefe In- 
£ye, in or- convenicncics Nature has fo formed the Eye, that it can 
dtr to re* bccome flatter or longer to fuch a Degree, as to adjuft 
umtetbem, j^ fejf to the different Diftances that we would view the 
Objeft at. Wherefore when we would look upon an 
Objeft at a greater Diflance than it could be feen di- 
ftindly at when the Eye is of the ufual Figure, it is 
^ then made flat by the Help of the four right Muf- 
clcs, all which aiSing together, pull it towards the Bot- 
tom of itsB^il, and the Retina is by this means near 
enough to ^he Chryftalline Huipour, to be exaidly hi 
2 the 
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the Place where all the Rays which come from any one 
Point of the diftant Objedl are reunited. And when we , 
Would look upon an Objefl: that is very near, the Eye 
is lengthned by the help of the oblique Mufcles which 
encompafs it, and by being fwelled, comprefs it ^ arid 
then the Diftance between the Chryftallme Humour and 
the Retina becomes greater, that the Rays which come 
from any fmgle Point of the Objedt which is fo near, 
may be reunited in a fiiigle Point upon the Retina. If, 
therefore, there remains any Confufion which Nature 
has not provided a Remedy for, it is only in refpeft to 
the Adlion of thofe Rays which come from an Obje6l: 
that is too near thfe Eye, at two or three Inches diftance, 
fuppofe ; but this is n^edlefs, or at leaft, not neceflary to 
be remedied ; for as Sight was given us principally to 
take Notice pf Things at a Diftance, and there is very 
ftldom ahy Occafion for feeing ObjecSts fo very near, Na- 
ture has not provided for it. 

9. This Approaching and Receding of the Chryftalline 9. rbat tht 
Humour with refpecft to the Bottom of the Eye, is fo ne- ff/^/^ 
ceflary in order to fee diftinftly, that becaufe it cannot ahered i 
be performed by Mufcles in fome Birds, the Coats of different 
whofe Eyes are almoft as hard and inflexible as Bones, ^^««^''* 
Nature has provided another Way. For there are placed 

in the Eyes of fuch Birds certain black Filaments, that 
are not in the Eyes of Men or other Animals, by 'which 
the Chryftalline Humour is connedied with the Bottom 
of the Eye, and by which it can be made to draw nearer 
to, or remove further from the Retina, 

10. It is obfervable, that the firft of the three Refrac- 10. -rf ra- 
tions which the Rays of Light undergo, in pafling thro* ^^1^^^-%^^ 
the Humours of the Eye, is not to be found in Fifties of tbl^^n 
who live in the Water, becaufe the Rays are already in oj Fifitu 
an aqueous ' Medium^ when they begin to enter into the 

Eyes of Fifties* And this feems to be a Reafon why the 
Want of this Refraction fliould be compenfated fome 
other Way. And fo we find it is j for Nature has made 
tlie Chryftalline Humour of Fifties Eyes more convex, 
infomuch, that it is almoft as round as a Globe, and 
not of the Figure of a Lens, as it is in other Animals. 

11. As moft antient Perfons grov/ lean and thin by *'• '^^^^ 
Age, fo their Eyes grow flat and more funk than when '^'^^^§7 
they were younger. Now in this Figure of the Eyes, the.^^^^ /^^ 
Rays which come from an Obje6l very near,- come to near^ is t/e- 
the Retina before they are reunited ; wherefore they im- 7 ^/^^'^^ 
prefs but a confufed Image upon it; fo that it is impofti- 

VoL. L R . ble 
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bl<? for fuch Sort of Eyes to receive any diftinft Image, 

except when the Objeo; 13 at a fufficient Diftance* 

<Ifcr#^*« 12. On the other Hand, feme Pcrfons have by Na- 

vflieh!^e ture Eyes that are longer and more gibbous than tbofe of 

wryUrgi other Men ; in which the Diftance betwixt the Chryf- 

t!!f,^!!Li ^^'"^ Humour, and the Bottom of the Eye, is likewife 

tmfy s cm- greater than ufual : In thefe, the Rays which come from 

fufid im- one Point of an Objedl further ofF than ordinary, arc re- 

^'^eBt that "^^i^^d alfo, before they come at the Retinay and then are 

0re at a feparated again, fo that they fpread themfelves a little 

Difiance, u^Ti the Bottom of the Eye. Whence it comes to pafs, 

that thefe Sort of Eyes can ^ receive only a cqnfufed I- 

mage of Obje£b that are at a Diftance ; and have a dif-* 

iiXiOt Image of thofe only that are near. 


CHAP. XXXI. 

What we tnean^ when we fay ^ that the Images of 

the Objeifs are impreffed upon the Organs of 
Sight. 

I. Tbatfer- \XT HEN wc once clearly underftand, that every 

{fJifiti" ^^"6^^ ^^^^^ ^^ ^^^ Objea afts upon one fingfe 

iijgas are Point only of the Bottom of the Eye which anfwers 
ie^reffedoM dire£lly to it ; and on the other hand, that every Point 
the Retina, ^f ^^ Bottom of the tye receives the ImpreffiOn of 
but one Point only of the Object ; it is not difficult to 
conceive that the whole Objeft a£ls upon a certain Part 
of the Retina^ which is as exaflly of the feme Shape 
with it, as could be drawn upon a Cloth by the moft 
skilful Painter. We can yet further conceive, that this 
Part of the Retina does ftill more perfeftly refemble the 
Objeft, becaufe it receives as many different Preffures in 
all its feveral Parts as thejce are different Colours, or dif- 
ferent Degrees of Light in the feveral Parts of the Ob- 
je£J:. And becaule we call that an linage^ or a Species^ 
which has any Refemblance to the Thing which it re- 
prefents, we call that Part of the Retina upon which all 
the Rays of the Objefl: fall by that Name, and fey. 
That it i?nprejfes its Image on the Bottom of the Eye* 

2. There 


2. There is no need of fearcliing after any other Re- ^'^^^^-^'^^ 
femblance in this Im^, than what has been mentioned/ f^^^J^^ 
For if we would make any further Comparifon betwixt /row tu 

it and the Objed, we fhall find them very different. And <?^i«^* 
firft, herein ttey differ, that a Body is always repre- 
iented by a Superficies, and fometimesa Superficies by a 
Line, andlbmetimesa Line byaPoint: Secondly, The 
Situation is different, for the upper Part of the Objeft 
is painted upoii the lower Part of the Eye, and the right 
Side of the Obied upon the left Side of the Eye, E^r» 
Laflly, They differ in Magnitude, for a very lai^ Objeft 
is reprefented upon a very Imall Part of the Eye. 

3. And the further diflant the Objeft is, fo much the 3* ^fif 
lefs is this Part of the Bottom of. the Eye j as is evidem J^^:^'^-^^J 
in the Figure of the Eye C,/ where the Space Hi j which yto«"fi« 
receives the Image of the Objeft FG, is Icfs than the Eye, tbt 
Space DE on which the Objeft AB, which I fuppofe ^^^^^^ '^ 
equal to FG, is imprefled ; and this very nearly in the Tab. vif, 
fame Proportion, as the di^bmce of FG from the Eyt is Fig- 1. 
gceater than the difhnce of AB. 

4. Whoever confidcrs ever fo little df what we have ♦• t^" ^** 
before laid down, concerning the Nature of Light and CwJ/^ 
Colours, cannot but be of our Opinion, That the Images theft imagtt 
$f Obje^s an inthis manner imprefed on the Bottom of^J^^I'"^ 
the Eye : But he may be further convinced of it from Ex- 
perience; for if, after having darkned all the Windows 

of a Room, over-againft which are fomc bright Objefts, 
We make a Hole in the Window-Shut, and place in it the 
Eye of an Animal, frefh killed, firft taking off neatly 
all the Membranes which the Bottom of the vitreous 
Humour is covered with, and put an Egg-fhell in their 
ftead to hold this Humour in, we (hall lee upon the Egg- 
ihell a diftinft Pifture of all the Objefts that are with* 
out. 

5. But becaufe there are fome Difficulties to make thb (?. An artu 
Experiment fucceed w^ll ; I have thought that the fame /"'''^J" 
Thing might be done, by making a large artificial ^^^j Z^il 
which I accordingly tryed : The opake Coats, or Tu- 

Aicks, were all made of thick Paper, except the Retina j 
which was made of a very white thin Piece of Vellum ; 
in the Room of the Tuntca Cornea^ I put a tranfparent 
Glafs, and inftead of the Chryftalline Humour, was a 
Piece of Chryftal of the Figure of a Lens, but more flat 
than this Humour j for fince there was nothing in thif 
Machine but Air, in the Places of the aqueous and vitre- 
ous Humour, a little Icfs Convexity was fufficient to 
Vol, I, R 31 produce 
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produce the Refra<EKons required: And becaufe it was 
very difficult to flatten or lighten this artificial Eye, in the 
manner the natural Eye is done by the Muicles, I placed 
the Vellum in fuch a manner, that it could be moved 
backward or forward, at Pleafure. 
f • ^7/-"* ^' '^^^^ artificial Eye being fo placed in the Window 
mage cf an of a Room, that the Glafs which reprefents the Tim tea 
objeB in Cortiea^ may be direAly againft fome Objefts that are ve- 
*alEye, ^7 "^^"^^ illuminated ^ we fliall not only fee the Images 
of them imprefled upon the Vellum, but we may alfo 
obferve all the mcA minute Particularities, which we, be- 
fore coUefted from Reafon. Thus we may obferve, 

7. Tbejirfi 7. Firjiy That it is at one particular Diftance only of 
hhjervation. the VcUum from the Chryftal Lens, that the Image wiHl 

appear the moft diftin<5t that is poffible. 
^,7hefecond g^ Secondly, That this Image is not fo diftinft in the 

extreme Parts, as m the Middle. 
9» Tbetbird 9. Thirdly, That if the Vellum be too near the Lens ^ 

Obfervaiion. ^.j^^ Jj^^g^ ^jjj j^ j^f^^ ^j ^^^^ ^^^Y^ COnfufed, 

10. The 10. Fourthly, That if it be too far, the Image will 

fourth ob^ be larger, but all confufed likewife. 
^17.%Z' I J- P^^^^y^ That the diftinft Image of any Objeft, is 

ffib Ob' fo much the lefs, as the Objedl is more remote. 
fei-vation, j2. Sixthly, If a certain Diftance between the Lens and 

Vbfejvation. *^^ VcUum, be rcquifite to make a diftinft Image of an 
Objeft at a moderate Diftance; the Vellum muft be 
moved a little nearer, fo that the Diftance of the Lens 
from it may be lefs, if we would have a diftinft Image 
of another Objeft, which is at a. confiderably further 
Diftance. 
13. 7be I J. Seventhly, When the Vellum is at a proper Di- 

iT^I'L^'-^^ce, to reprefent diftinftly an Objeft which is, at a 
great Diftance, fuppofe an Hundred, or Two hundred 
Yards j there is no need of altering it, in order to repre- 
fent, as diftinft as is poffible, any Objeds that are at a 
ftill greater Dift^ce. 
34. ihe 14. Eighthly, The nearer the Objeft is to this artifi- 

eighth Ob- ^jj^i jgyg^ the further muft the Vellum be removed from 

fer-vation. , y ' 

ic. The ^5« ^i^i^fyy When the ObjeA is too near this ar« 

ninth Ob- tificial Eye, it is impoffible to get any diftinfl: Image, 
Jervation* ]et the VcUum be removed to what Diftance we 
will, 

16. It 
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16^ It is to*be obferved, that in thofe Cafes where any i6- ^htdif-;^ 
Alteration muft be made in the Eye, in order for the I- t'^xtth^t 
mage to become diftinft, .this Alteration is much lefs in artificial 
the Eyes of Aiiimals, the Coats of which are flexible, ^JJ«> ^"^^^ 
than in this artificial Eye* For in Animals, the lengths "* ^^^ ^** 
ning or fliortning the Eye being always attended with a 
'greater or lefs Convexity of the Cornea, the Figure of 
this Coat contributes its Part in producing that Effect 
which in the artificial Eye wh6lly depends upon the Length 
or Shortnefs of it. Thus, if when the artificial Eye has re- 
cei\^d a diftindl Image of a diftant Obje£l:, another' Ob- 
jeft be placed before it at fuch a nearer Diftance, that in 
order to have the Rays which come from every Point of 
it reunited, the Eye ought to be made One hundredth 
*^aTt longer than it is ; the Vellum muft be removed juft 
fo much further from the Lens : But in a parallel Cafe of 
the natural Eye, it is not requifite that That fliould be 
lengthned a hundredth Part of the Whole, becaufe the 
fTunica Cornea being more gibbous than, it was tefore, 
caufes greater RefraSftons^ and fo makes the Rays reunite 
fooner than they would otherwife do, 

17. The Image of an Objeft impreffed on the Eye of ^^* J^^' 
an Animal, being received in a Place where the Capilla- nuntso}^ 
ments, of which every Optick Nerve is compofed, meet OptUk 
each other ; it is very probable, that this Image is fo im- ^^'\* , 
prelled, that the R-ays do not move thefe CapiUaments Aaionofthf 
fide- ways, but always fell diredily upon the Extremities of o^j^^ totb$ 
them. To which, if we add; That the Impreffion ^^^*^* 
which is made upon the Extremity of every one of theft 
CapiUaments, is communicated from one End to the 

bther, we may conclude, that the Image of the Objefifc 
is tranfmitted entire to that Place where theft Capilla- 
ments end in the Brain. 

18. And becaufe we have no Senfation, when thofe *^* *tbatth» 
Parts of the Body are any way affedied, in which there >/^^7w^*r# 
are no Nerves ; it is very probable, that the Nerves are the Souifer- 
neceffary to Senfation. And becaufe we have no Senfa- «''«'"• 
tion likewife, when any Obje6l m,akes an Impreffion up- 
on a Nerve, if its Communication with the Brai^ be hin- 

dred, or if the Brain it felf be affe61ed with any particu- 
lar Diftemper ; therefore it is reafonable to think, that thp 
Nerves are not the immediate Organs of the Soul, but 
that they are fo formed by Nature, as to tranfmit the 
Im^preffion which they receive, to that Place in the Brain 
where the Origin of them is, and where probably the im- 
jncdiate Organ of the Soul's Senfation is, 

& 3 jg. How* 
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19. ihit ig. However, we may fiutber obferve, that Acre bc-r 

FnVrf'tb* ^'Pg Two of a Sort of almoft all the Parts of the Braiiit^ 

Srahwbieb thcy cannot all of them indifferently be tbougbt the im* 

')*!!/'or"!» "^^^^^ Organ of tlie Soul. On the contiary, it b Jiigh- 

^^hf ^^r ty probable, that fince we have but one Senfatiou onlv, 

. though two ImprcHions are made by the Qbjeft upcmtno 

external Organs of the Senfes wbkb aie a&ifled^ that 

there is likewife one particular Place in the Brain wbeio 

thefe twoImpreiCons meet. Which that Place is, may 

be very difficult to determine; but whether it be that 

fmall Gland which Phyficians call the Cotufrium^. or 

whether it be any otb^ Part of the Brain, it is hardly 

to be conceived how they can thus unite, without isfh' 

pofing fomething equivalent to what is now faid.. 

•0. ^Coih 20. Befides the manifeft Refcmblance which there ia 

^if^^JJ^^' betwixt the two Eyes, I imagiW thefe is another yet, 

fition 0/ tht which cannot be difcerned by the Senfes, which con£fts 

Ca ft/la- In this, that the Number of Capilfcunents in one Optici- 

l^l^oitick Nerve^ is equal to the Number of Capillaments ia the 

NiTHfti, other Optick Nerve, Thus (to make the Thing eafier) 

Tab. vi|. if ^e fuppofe the Opiick Nerve of the Eye A to contain 

'*' * five Cap3]aments,the Extremities of which are CDEFG ; 

it is jeafonable to think, that there is the iame Number 

in the Nprve of the Eye B, the Extremities of which ar« 

HIKLM. I imagine alfo, that the Extremities £ and K, 

which are in the Middle of the reft, are exaftly at the 

End of the Optick Axes, that is, at the Ends of the Lines 

TE, VK, which pafs through the Centers of the Pupil, 

the Chryftalline Humour, and the Body of the Eye ; and 

that the reft are placed fo regularly about thefe, that we 

may take feparately all the Capillaments of one Eye in 

prefer, and aflbciate them with thofe in the other Eye ta-» 

ken in the fame Order, fo as to make up a great Num-r 

ber of Pairs, which may be called Sympathetick : Thus 

beginning with the Capillaments C and H, which arc 

moft on the Left Hand, I make them the firft Pair ; the 

other Pairs areDI, EK, FL, GM. I am alfo of Opinion, 

that each Piiir of Sympathetick Capillamefits endin (i) the 


(1) /« tbi fame Point oft bat Part 
■•f tSe Brain) Thit Con}«£lore is not 
.yet confirmed^ by cvttiog open th« 
Brain. But be that as it yrill, the 
papillaments CH, DI, 
Tab. VI!, EiC, &c» miy very pror 
l'ig< 2* ' perly be called Hymfa- 


the Pairs of Nerves mpet in tb« 
Brain ornoy it ia evident, that two 
Images rf every Objed impteffe^ 
upon thofe Capillaisents znuft be feea 
in the very fame Place (becanfe the 
Opfical >Vxe8 VM^t each other) that 
is, muft become one ; and therefo^ 
the Obj e^ appears fiog^e* 

lapi^ 
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fame Point of that Part of the Brain which raifes a Sen- 
iation in the Soul ; as you fee in the Figure, where the 
Pair CH meet in the Point O of the principal Organ X, 
the Pair DI in the Point P, the Pair EKl in the Point 
Q, the Pair FL in the Point R, and the Pair GM in 
the Point S. 

21. This being fuppofed, I conceive that when we ^^*^^ 
would look upon an ObjeA, we turn our Eyes to it aSsupm tit 
in fucb a manner, that die two Opticks Axes meet at'w««<^'«^tf 
the Point which we fix, our Attention principally "P- ^^^" 
on. Thus the Rays TE, VK, coming from that Tab! VII. 
Pointy and idling upon the Sympatbetick CapiUaments ^^6* «• 

£ and K, the two Impreffioos which they make there, 
are leumted lA one Point only, viz. in the Point Qi^ 
So likewife the Part of the ObjeA which is on the right 
Hand, fiiakes the Syn^thetick CapiUannents D and I, 
the Impreffions of which are carried to P. And again, 
the Part of the Object which is on the left Hand a£b 
upon the Sympathttick CapiUaments F and L, and their 
Impreffions unite in the Point R, and b of the n^ft. 
So that though th^rs be two Images imprefled upon the 
Eyes, yet there is but one imprefled upon that Part of 
the Brain X, which we here fuppo& to be the immediate 
Organ of Vifion. 

22. What has been already (aid of the Images which ^z* Anevi^ 
vifible Objeas imprefs upon the Eye, being well un- fj^^^ ^^^f' 
derftood ; it cannot but be a ftul greater Surprife, cbrypaUiu 
that the AriJloteUam and almoft all Phyficians fhould Humeurh 
be fo'miftaken, as to affirm, that thefe Images are im^ *'*.jf*'*' 
prcflctf upon the Chryftalline Humour, and go no fur- Orglnoj 
ther ; for it will evidently appear, that the different Im- ^>»t 
preffions of the diverfe Pcwts of the fame Ob|e(3: are all 
cooAifed tbexe* 
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CHAP. XXXIL 

« 

' How Vijion is performed. 

l\^^y " AFTER having traced the material Image of the 

Fi^icx. "r^ Ohjeft, or the Imprejfton which it makes upon the 

' ' , external Organs, to the Braia, I come next to explain 

how this raifes in us 2^ immaterial Image, or that Senfa- 

tion in which Sight properly confifts, and to fhow the 

B^eafons why it js clear and diJiinSf ; and alfo how we. 

gercdve the Place^ Situation^ Dijlance^ Magnitude^ Fi- 

gurey Number^ arid the Motion or Rejl.oi fuch Obje<3s. 

s. G9W the 2. In order to underftand how this immaterial Image 

Image of the ^s tormed m US, 1 mult remind you of acertam 1 ruth 

Objea li which has been fuffieiently demonftrated before ; and 

^^utill ^^^^ ^^' '^^^^ ^^^ *^ ^^^ Nature of our Soul, that par- 
ticular. Motions of the Body to which it is united, are. 
the O.ccafidns of particular Perceptions in it : Now diffe- 
rent Parts of the Objeft, a<9: diftindlly upon different 
Parts of the Bottom of. the Eye, and their ImpreiEons. 
being tranfmitted to that Place of the Brain which is the 
principal Or^^w of the Soul,' it is eafy to apprehend, that 
the Soul muft have as many diftincl Senfations raifed- 
in it, at the fame time, and without any Confufion, as^ 
. every or^e of them excites different Motions. 
^.Whence it $- It is manifeft alfo, that this immaterial Image, 
is that this ought to bc fo much the more vivid or clear ^ as the Ob- 
(7f/rV P^^ fends forth more R^ys of Light which ar^ received 
by the Eye ; for by this means the Iinpreffion made up- 
on the Organ will be fo much the ftronger. And the 
Largenefs of the Pupil contributes likewife to this Clear- 
nefsj becaufe it affords Room for more Rays that come 
from the fame Point of an Object to imprefs the Imag^ 
on the Bottppi of the Eye. 
4.. That the 4. It is true, thaf* if w^ confider the A^ion of one 
'image oj a Point of the Objed'only, we muft fay, that the Senfa^ 
Dijtanle'' ^^^^ ought to be Weaker or moreobfcure in proportion to 
ought to be the greater Diftance of the Body, becaufe the Rays of Light 
^y^'^^r^' which come from one Point* of it diverge, and therefore 
sidy Jbicb fewer of them enter into the Pupil when the Eye is far off, 
ti ttcar^ than when it is near. But we know that one Point of 
thg. ObjciS i^oes not aft alone, but always afts in com- 
pany with a great many otheit, nnd the whole Image of 

the 
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the Objeft is impreffed upon fo much a lefs Space on 
the Retina J as the Diftance of the Objed from the Eye 
is greater. Thus if one vifible Point, at the Diftance of 
two Miles, fend to the Pupil but half the Rays that it 
would do if it were but at a Mile diftance only, this is 
made good by fbme other vifible J^oints that are near it, 
which fend their Rays upon the fame Capillament of the ' 
Optick Nerve, where one fingle Point of a nearer Objeft 
would fend its Rays ; wherefore the Vifion ought to be 
2&firong and vivid^ 

5. To this we may add, that becaufe we open the5.^>>f- 
Pupil of the Eye a little more when we look upon Ob- A"' ob]eat 
jefts that are at fome diftance, than when we look '^^^chartTuu * 
thofe which are* near ; therefore we take in more Rays 

from any Point than we do when the Pupil is not fo 
wide, and this makes the Senfation more clear. And thus 
we find, that a Mountain looked upon at fome diftance • 
does not appear of fo dark a Colour as when we are 
nearer it. 

6. As to the DiJfinSinefs of Vifion^ that evidently de- f BtmOi^ 
pends upon the Refradion of the Rays ; and it is then '^^^'^^^^ 
as diftinfl as poilible, when the Refradion is fo made, as 

that all the Rays which come from one and the fame 
Point of the Objeft, meet together exactly in one and the' 
fame Point of the Bottom of the Eye : But this never is 
precifely fo, but in thofe Rays which come from that 
Point of the Objedl which is at the Extremity of the' 
Optical AtAs ; for it is evident, that thofe Rays which- . 
come fro^n the other Points, are reunited fo much the 
lefs exactly ope than another, as they are more diftant 
from this Axis ; wherefore we cannot at the fame time 
have the moft diftinil Senfation but in this Place alone, 
and the reft will be morq confufed. 

7. This being fo, it follows from what was before de- 7- WhyoU 
monftrated concerning the confufed Impreflion of an -^J;!^^,^^' 
Objeft that is near, on the Eye of an Old-Man ; that near tbtm ^^ 
he muft fee fuch a near Objeft very confufedly ; and thus veryconfojtd* 
we fhall efcape the Error of thofe, who are of Opinion, 

that the Confufednefs in the Sight of Old-Men, arifes 
from hence ; that the. Faculty of Seeing ^ or the Senfe of 
Seeing is weaker in them than in others. And indeed it 
is very furprizing, and very lucky, that at a time when 
the Do(Si:rine of RefraSions was not at all known. A- 
rijiotle fliould hit upon faying, that if an old Man had 
the Eye of a young Man, he would fee as the young 
JVIan docs 5 v^Wch is the iame Thing as to fay j that the 

; Faul( 
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Fault in the Sight of an old Man, does not arife from any 
Defeft in the Faculty ofSeeingj but only from fome D^ 
fefl: in the Organs, 
«. whyjbm 8. On the other Hand we are aflured, that thofe Per- 
^^a th ^^"^ whofe Eyes are longer and more gibbous than ordi- 
m at a Torjy Fcccive a diftinfl Impreffion onty of thofe Objefts 
Di/f once eon- which are near; and a confufed Impreffion of thofe that 
/»/'i'' are diflant : Whence it is eafy to conclude, that fuch Pcr- 
^ fons muft fee Obje% that are near them diftindUy, and 
thofe that are at a Dlftance confufedly. 
9. jimeher 9. The Dtfiinifnefs of Vificm depends alfo upon the 
^iiinanei'^ Lai^neis of the Space which the Impreffion of the Ob- 
^ Vi^\ je£k takes up in the Bottom of the Eye, where there ought 
to be at leaft as many Extremities of the Capillaments of 
the Of tick Nerve, as there are different ienfible Parts 
in the Object which fends forth the Rays, in order for 
cnrery one of them to make a diftin^l Imprei&on. For 
}f the Rays which come from two different Parts of the 
Objedl, meet tc^ether in two different Points of the fame 
Capillameht, it is the fame Thing, as if they met in one 
Point, becaufe they cannot communicate two different 
Motions to this Capillament at the fame time* And this 
i> the Reafon why Obje6b, that are at a very great Di- 
fiance^ becaufe their Images are impreffed on akisSpace, 
aie feen but confufedly. 
toWhjOh^ 10. Further, if this diilant Obje£l be cbmpofed of a 
jtas, wbcfi gpgj^ many different Parts which are of different Colours, 
di^ltHt^cL it is evident, that if feveral of thefe PsHts a& together 
lourt appear upon the fame Capillament, that whicb isof tfaebrighteft: 
tnhiiat' Colour is the only one that will be feen, bcaanfc- Ac 
fpieur;! Capillament will receive the ImpreiSon only of this Part. 
And thus we fee that in a Meadow where there are a great 
many white Flowers mixed with a vd& Number of green 
Spires of Gitafs, at a DiflaiKe it looks all White* 
«t.HM»«« II. If it had never been obferved, that we fometimes 
wtferwr have no Perception, when -we would have fbme, and at 
fienfattMta other Times have a Perception, when we virould not, wc 
^^, fhould not have been fo ready to have conneSed oax 
Judgement with our Senfation, aiid Sen(ati(Mi would only 
have been fimple Perception: But when we had once 
made this Reflexion, our Senfation muft necellarily be a 
compound Perception : And if we had been more vnty 
in our Judgement at^firfl, fo as not to have affented to 
any Thing of which we had not a clear Perception, all 
that we could plainly have inferred, is. that fomething 
concurred with us to caufe Senis^ion* \But having been 

diffex^ently 


Cbap*32* ^ Natural Philosophy. 251 

difFerently accufionied from the B^nxung, said ovex'<* 
hafty in our Judgement, we have drawn a different Con* 
iequence ; and lopk upon the Senlatioa, which now up* 
on jnoi3e mature Deliberation, we acknowledge only as an 
accidental Mode of exi(ling> to-h^ without usj and there- 
fore we le&r it to external Obje^s ; and we have fo of^ ^ 
ten made this Judgement, that we are accuftomed to da 
it without any Difficulty, and without the kafl: Sufpicion 
cf its not being conformable to Truth* ^ 

12^ We have been confirmed in this Eriour about ifAmteit^ 
Vy%m by another Miftakc. We obferve, that wh«n an ^**^ ^ 
ppake Body is jput between the Objed aiulour £ye, we ^* 
then ccaie to fee it : From whence we ought to con- 
clude, that the Thing which concus with us to excite 
Seniation, is beyond the opakeBody, and being no longer 
able to a& upon our Organs^ wec^e to have the Sen- 
iation we had before* But inflead of reafiming in tfajs 
manner, we^ imagine, thJtt the Senfation which we have 
of Light or Colour, that is^ the Light or Colour which 
we perceive^ is beyond that Body, and fo caxsying our 
Imagination as- far as the Obje<Sl itfelf, vi« go as it 
weie out of our felves, along the Line in which we 
foceiye the ImpreiSon of the Object, and afcribe cue 
own Senfation to it, that is, the Colour which we per- 
ceive. 

13. The fame Thing that leadsrus to ispfer the whdc »3-ffw«w 
Sen&tion which we have of an Objcfl to fomething with- ^^^X>« of 
out us, leads us alfo to refer all the particular Senfations an oijeS^ 
of which it iscompo&d, in the fame manner^ in ftreight 
Lines, according to the Diredlion in which we receive 
the Impreffions 5x>m different Parts of the Obje£l : Thus 
the Impreffion which is made in the lower Part of the 
Bottom of the Eye, coming to us in the higlieft of all 
the Lines by which the Objed railes any Seniation in us; 
It is along this Line that we refer the particular Senfa- 
tion which arifes from it. So likewife we refer to the 
loweft Part of theObje^^, that Seniation which arifes from 
f he Impreffion made by it, on the higheft Part of the 
Bottom of the Eye. And hence it is, that though the 
whole Image which the Obje<!% imprefles on the Bottom 
of the Eye be inverted, yet when we look upon the Ob- 
jeA through a fimple uniform Mediupty this hinders not 
]9ut that It appears in its true Situation ; that is, the 
Hnniaterial Iipage mak^ th^ Objedi appear to us as 
ij iS| 

l^ Tba 
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14. »m;w« 14. >The Knowledge of the Diftance of an Objeft, 
^JDWatui!^ as well as that of the Situation of it, depends upon our 
referring our Senfation to fomethihg without us. For 
our regard being chiefly upon the Pofition of the two 
iDptical Axes ; and the Motion of the right Mufcles of 
our Eyes by a natural Way of ReafOning, fhowing us 
Very nearly, the Relation or Inclination which thefe two 
Axes have to each other, and at what Diftance from 
us they meet together ; it is to this Diftance that we 
refer our Senfation, that is, to the fame Place where the 
Objeft is. Wherefore if at any Time we are deceived 
in the Judgement we make of the Diftance of any Ob- 
. jeft when we look upon it with both Eyes, it is be- 
' caufe we do not know exaftly at what Diftance the 
Optical Axes meet. 
,5. ^Mfi^fi" i^. And i^we make ufe of but one Eye, we can 
know the 'kj^ow the Dtjiance of an Objeft ; provided we move 
Diftance of from onc Placc t6 another ; for we have fome kind of 
fin Objea. Memoiy of the Pofition of the Opiiail Axis in the firft 
Station, when we really attend to the Pofition of it in 
another Station ; fu that we imagine two Optical Axes, 
though there be indeed but one, and by that means 
guefs at the Diftance where they meet ; and to this we 
refer the Objedl. 
iB, A Third 16. Since we cannot incline the Optical Axes to each 
^^^ '1 other in a certain manner, in order to make them meet 
Mifiance of at One Point of an Objeft which is at a certain Di- 
finohjta, ftance from us, but at the fame Time we muft put 
each Eye into a particular Difpofition or Figure, -necef- 
fary to fee diftinftly at that Diftance ; we may prefume 
that Nature has fo ordered the Mufcles of the Eyes, 
that they neceflkrily procure both thefe EfFe<5ts at the 
fame Time : Arid that this is fo, we fliall have no Doubt, 
if we obferve, that they who fee but with one Eye, 
move their Eyes in the fame mariner to- look upon Ob- 
jefts at different Diftances, as they who fee with both 
Eyes. So that it is fnfficient, if our Eye be fo flatten- 
ed or lehgthned in a particular manner by the Aftion 
of the Mufcles, as to caufe fome Alteration in the Brain, 
which puts the Soul upon conceiving the Pofition of the 
Optical Axes : And fince the perceiving this Difpofition 
is the moft natural Argument to make us know the Di- 
ftance of an Objeft, it follows, that the lengthning or 
flattening the Eye i^ alone fufiicient to difeover thi^ 
' Diftance. 

■ 

17* Biit 
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17. But becaufe the Alteration of the Shape of one ^1* '^hat it 
Eye only, when we make ufe of it to fee diffinftly at 'jJ*/;^J*/* 
different Diftances, is not fo fenfible, «a the Alteration of the judge 
the Situation or Pofition of the two. Eyes, when in *«'«' ^^f ' ' 
carder to look at different Dilbnces we turn them ^^f-^Jand of 
ferently, that we may make the tv^Oi. Optical Axis meetan objta, 
in the fame Point > therefore we are mot to think, that'*'*'* '*'*. 
this latter Alteration is fo exaftly made, when it is deter- ^ubtutmc 
mined by the other, as, if it were caufed by that Atten- £>«, than 
tion which we have when we look with both Eyes ^V^Yook^mu 
on the fame Point of an Objeft. And this is the Rea- ZitLbatb 
fon why we are more apt to be deceived in the Judge- J^jf*^ 
ment we make of Dijiance^ when "we ufe but one E;^ 

than when we ufe both. And indeed if we try to touch ( i) 
an Objed at three or four Foot diflance, with the End 
of a Stick of about the fame Length, we fhall find, that 
if we look at it but with one Eye, we fhall ihifs touch- 
ing it two or three times together ; whereas if we look 
at it with both Eyes, we fhall touch it the firfl Time. 

18. Whatever the Alteration be, which is made in the \%»il>at it 
Eyes when we look upon Objeds at unequal Diftances, " ^^-^r^T 
it is certain, that That Alteration cannot beat all fenfi- Teivedinllr 
ble, when the Diflance is fuch, that the nearefl Objeft is Judgement 
a great Way off; wherefore we mufl be very liable to be ^ftr^^[P^^ 
more deceived m our Judgement 01 great Durances than of fmaU, 
of fmall. • • 

19. Befides the two forementioned Means of judging ig-'^atthd 
of the Diftance of Objedls, which are the principal ones, ^rCo^uuL 
there is yet feme others : As Firft. Having often obfer- riefs of the 
ved, that an Objecfl: appears more confufed the further it ^'«fi^'' of 
is diflant from us, we make this a Rule of determining ui^injudgiHl 
the Diflances of Bodies, fo that according as they appear cf their oij^ 

• more or lefs confufed, do we imaginq them to- be at a'^*^** 
grfeater or lefs Diftance. 

20. ,So likewife, becaufe we have often obferved, that *°'.'^'/^"* 
an Objeft looks of a brighter Colour, the further it is tq- j-Jowsfrotm 
moved from us ; therefore when • we fee an Objeft of a tbeir being . 
brighter Colour than it ufes to appear of when it is near \ T'^^j^^ ^^* 
we conclude, that it is 'at a great Difhuice from us; 

{1) An ObjeB at three or four Foot the Eye, we would try to run « 

Vtjiance) it is to be obTerved, that Stick through it y as is juftiy re- 

the Stick mud not be thruft diredlly marked by M^^bramh in hit En^ 

upon the Object, but moved ob- quiry after Truth t Book I* CUfap* vu 


I Uquely, in the iame manner, as if, iStSi. 3 

I when a Ring is turned Side ways to 
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>i. ihsivm 21. The Situation is another Means ftill of knowing 
iZJ^fy the Diflanoe of Objeas. For, of thofe Things which 
ihtSUnsium we imagine to be lower than oar Eye, we jiu^ them to 
'V^ be fiirtbeft diflant which afiba the Eye with the higheft 

Rays ; and on the other Hand, of thofe Things idiicb 
we imagine to be higher than our Ere, we judge them 
to be fertheftdiftant which afieft the£ye with the loweft 
Rays. 
%t. The In. 22. Further, the Interpofition of a great many otheir 
terp^jitiM 0f Objeds between us and the Objcift we look at, makea 
Vb^s^u,^ think, that the Diftance^is greater than othorwife 
mdkes Mt ' we fhould ; becaufe the Diftanoe which we omoeive 
^tb^oi^tau ^ ^ betwixt every one of them, is the Meafure wiiich 
mttbigreattr^^ compute the Diftance of the Objcd by : Tino 
Difance. in the Inibnce of the Moon, when it is at the higbe^ 
above the Horizon, and we look at it through the Air 
only in which there are no other viiible ObyeEb, we 
imagine it to be nearer to us, than when it rifes or fits % 
becaufe at thofe Times, there are a great many interme« 
diate Objefb upon the Earth, between us and it. 
s). H(ww« 23. When we know the Situation and Diflance of 
tt^B%iT' ^ Objea, by joining thcfe together, we form a Judge- 
e/oijt3s, ment of the Bignefe of it ; For, becaufe we imagine the 
Extremities of an Objedi, to be contained between two 
ftreight Lines coming from the Eye, .which diverge from 
each other in proportion to their Diftance ; therefore 
we eafily conceive what the Bignefe of the Objed is at 
a given Diftance. So that if at any Time we are de-* 
ceived in our Judgement of the Biginefs of any Object,, 
it is becaufe we are firft deceived in our Notion of 
its Diftance. Thus, becaufe we cannot truly compre^ 
'hend the Diftance of the Moon or Sun from us, there^ 
fore no Imagination can reprefent thofe Bodies to us fi> 
great as they really are. 
ft^. Why the 24. And .this is fo true, that the Stars feem to us 
I4^7er"^yt fomewhat larger, when the Interpofition of viiih|e Ob- 
^ben tbey jeAs which are between them and us, helps us to ioift* 
mrt on tbe gj^e thoir Diftance to be greater ; For it is not ow- 
ing (i) to the Interpofition of Vapours, as the Ancienta 

thought^ 

(i) To the Interpofition of Va^ Refra^Ion of ths Viponrt. And 

four I ^ &€•) Since the Angle under that this Angle is not greater than 

which the Moon appears when in ordinary^ is clear from hence j that 

the Hoiizon, is not greater^ than though every particular Part of the 

' ordinary, it is evident, that nothing Horizon (as well the Diftance^ of 

ouj^ht heic to be afciiM (9 the th9Suy« from eachothsru the Start 

them* 
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Cixnjght, that the Stars appear of differtnt Bigneffe&j 
as if the Rays which came from the Extremities c^ them . 
to the Eye of the Spedator, were by that tneans re-« 
fra^bd, fo 9s that he fliould fee them under a bigg^ 
Angle. For modern AJlronomers who have meafured the 
Angles under which the Stars appeared^ when they were 
in the Horizon, and when they were at their greateffc 
Altitude in the fame Day, (i) tmve always found them 
the lame. 

%$. It ^ to be obferved alfo, that very luminous or 2$* Tixa 
bright Objedis muft needs appear bigger tten they would ^'7 *"i*« 
dolf they%^ not fo bri^ForTf the W ^^^^'ff.^^ 
they imprefi upon the Bottom of the Eye, affeds not thambty 
only a certain Number of Capillaments, but fpreads it '*<**' '* ^ 
felf to the Extremities of other Capillaments which are 
about it^ it is the fame as if it had covered them al-* 
fo^ becauie the Rays have fo great a Force that all 
theie Capillaments are moved by them, and not at all 
faindred by the Motion of thofe Rays which cohie from 
the other furrounding Bodies which aiiedl the fame 
Part, but are very faint ; therefore a bright Body' ap- 
pears io much the bigger, as it takes up part of tLe^ 
Objed which is not fo bright, whofe Rays are fwallowed 
up by it. 

26. We may add ftill further ; that the Impreffion of -6-^j''^« 
a very luminous Body may be fo ftrong as to extend it^'^^^y^^^ 
felf ail round to fomc Capillaments, which no Rays at at through 
all come to from the luminous Body ; in which Cafe, ^ i'k'C^* 
it is manifeft, that the Objedl muft appear much bigger ^/t"^,iJ2{ 
than it would do, if its Light were more faint. And nijhed, at 
it is certain, that we fee the fixed Stars in this man- '*'*"' ^^^^ 
ner 5 becaufe if we weaken their Aftion, by artificial- ^/l^^^* 
ly contrafting the Pupil, and looking at them through 
a Hole made in a Card with a Needle, (2) they 
ajpfiear much lefs. But that which moft furprizes thofe 

who 


themfelves ; nay the Stan, when 
they feem to be latf er, feem alfo to 
take up more of the Space which 
furrounds them;) though, I Uy, 
every Part of the Horizon feems to 
be equally inlarged ; yet the whole 
Circle cannot contain any more than 
360 Degrees ; wherefore Bodies in 
the HoPixon are not feen under a 
greater Angle, but every Degree in 
the Horizon fecmt greats than la 
ibeMeridiaih 


(i) Have ahoajt found tbemtbt 
fdme) Nay, they have found the Di* 
ameter of the Moon, when at the 
higheft, a little bigger, than when 
ihe rifes or fets* See Malbrafich*s 
Search after Trutb* Book I. Chap, ix« 
Seff. 3^ 

(%) 'Tbey appear much lefs) Nay^ 
that the fixed Stars, by reafon of 
their immenfe Diftance, are but like 
Points only, except that their Light 
ii a little dilated by Refraflion, is 
y evident 
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who fe^ not the Reafon of this, is, that wheh we look 

at the Stars with a Telefcope, they appear as much di^ 

minifhed as other Objeds appear inlai^ed by it : and for 

this fole Reafon, becaufe hereby the Force of their Rays 

' is very much weakned. 

ar- Tbe 27. It is certain alfo, that as the Knowledge of 

hio-wing tbe the Diftance helps us to find out the Bignefs, fo like- 

snObha '^^^!^ ^^^ knowing of the Bignefs helps us tb conceive 

htlpt us the Diftance, Thus, when we know that a Man is 

*^.'* - about five or fix Foot high, when we fee him to 

iuDifiance. appear but very little, we conclude him to be at a great 

Diftance. 
i%,Howrve ^8. It would be fuperfluous to fbow particularly how 
M^ow the Ft' we know what Figure any Objcdl is of, after what has 
^oya^^ been faid concerning knowing the Situation, Diftance, 
and Bignefs of its Parts ; for the Knowledge of its Fi- 
gure confifts in thefe. 
^^.Wbyvje 29. Nor is it difficult, after what has been iaid, to 
JeeanOhjea giYQ ^ Reafon why ah Objeft appears fometimesy?^^/* 
^Viof^atlt ^'^^ fometimes double : for it is evident, that an* Objeft 
nuith both muft appear fingle, when it fo affefts the Sympathetick 
-^J"' , Capillaments of the two Optick Nerves, as to imprefs ( i ) 

but one Image upon the Brain. 
^O' Why an 30- And this is confirmed from hence. That if we 
Qfjea ap. prefs either of our Eyes with our Finger, fo as to make 
fcari doubu. -J. j-g^^ej^e ^Yic ij^^gg q£ ^j^g 0\>)^ on a diftbrent Part 

from what it would do by the common Motion of the 
Mufcles ; as it is certain, that the Images which are then 
impreffed on the two Eyes, do not fall upon the Sympa- 
thetick Nerves^ nor reunite in the Brain, fo we cannot fail 
to fee the Objeft double. 
31. Anoiber 31. So likcwifc, if we look very intently upon a par- 
Way to fee ticular Objcft, and at the fame time another Objeft be 
^^i^^^ placed nearer or further ofF, which confequently cannot 
imprefs its Image oj(i the Sympathetick Capillaments of the 
two Optick Nerves ; in this cafe it muft imprefs two I- 
mages on that Part of the Brain which is the immediate 

evident from hence, that when they End of the ]^clipfc it appears agaiit 

are about to be eclipfed by the all at once. 

Moon ; when they enter into its Bo- (i) But one Image upon tbg 

dy, their L'ght does not decreafc Brain) Sc^ tbe Notet on Cbap*xxxi* 


graddaJi'y (a» that of the Planets does) Art, %Q% 
but vAniihes all at oiice^ and at the 


Organ 
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Organ of Vifion, and therefore (i) it muft be feea 
double. 

32. Having feen how we pome to know the Situa- 5** ^^w* 
tion, Diftanoe, Magnitude, and Number of Objefts by ^^JIS^I 
our Sight ; nothing more remains but to examine how 
we know wfcetbcr they be in Motm or at Re/t. Now it 
is not difficult to conceive, that we know a Body to be 
in Motion ; firft, when its Image appears fucceffively 
applied to different Images of certain ObjeAs, wfaicn 
we do not compare with any other, but imagine to be 
immoveable j or when we find that we muft turn our 
Head or oiir Eyes in order to have the Objefl alwajrs at 
the End of the Line along which we carry our principal 
Attention 5 or laftly, when, if we move neither our 
Eyes nor, our Head, we find it is gone out of that Line. 
The contrary to all which makes an Objed appear to us 
to be at reft. 


(i) Jt mmft be fien dnibh) It n»y 
be further obferv^ here, thajt if the 
Object now mentioned j be placed 
beyond the Point where the Optical 

Tab VII ^^' meet, it will then 
p. * * appear double in fach a 
^* * manner, that of the two 
Imagety that which is on the fight 
Hand it iaen with the right Eye^ and 
that on the left Hand with the left 
Eye ; but if the Objea be on this 
Shie that Point, then the Image 
which is 00 the right Hand will 
be feen with the left Eye ; and the 
Image on the left Hand with the 
right Eye. The Reaibo of which 


is, becaofe in the former Cafe the 
Objeft impreffes its Image on HlfC 
the left Side of the right Eye, and 
therefore is ieen by It on the right 
Handy and on the EFG the right 
Side of the left Eye, and therefore 
is feen by it on the left Hand $ In 
the latter Cafe it imprefles iu Image 
on KLM the right Side of tlu right. 
EyCj and therefore appears to it on 
the Left Hand } and on CDE the 
left Side of the left Eye, and there- 
fore appears to it on the right Hand. 
HH^at furprixing Tbingt follow 
from tbit ObfervatioM, may be foen 
in tbt Notes en ihefiUmini Cbapter% 
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; CHAP. XXXffl. 

O/DIOPTRICKS. 

j.^ftHtr Y N order to prove the Truth of fomc of thofe Sbp^ 
^T^jUn ' pofitions which wc have made ahottt Vifwn ;. w€l 
may 6* con- Oiight now to confidcr, whether or no all thofe ThingSy 
frmtd fy the i^iiich ufOD. thefe Suppofitions ought tocQiBe to pa6^ 
^'/#^r ^^^ "^ ^^^^^ thjough difiercat Sorts <rf Perffieaive- 
Sorti ofPtr^ Glafles or upon Looking-Glafles^ be agreeable t<^ Expe^ 
ffffjy^' ^ rience; for this wiH be a.^rcat Proof of the Tiiith ot 
^^n. thofe Suppofitioos. 

ciagkt. . 2* We wiU begia with FerQxftive-Glafib) acul firft 
a^»%r «i let us confider that Sort called Multipfying-GUiffeTy fiich: 
mJ&^lUd ^ t*^t in the Figure ABCD. Now it is evident in the 
wbeti looked firft Pfece^ that without tb» Qlais, the Eye £ would fee 
mt!ir7^^ • *^ Objeft F, by means of the Rays which come from 
Giafi/'''^' F to G J and becaulevtfae Superficies BC is here parallel 
T*b. viil. to the Superficies AD-, which is oppofrte to- it, and there- 
fore the RefraiStion: which the Rays fuff&r when th^ 
enter into the Glais^ is deftroyed by the Refca/fUoa made- 
at their coming out'; it fbllbws, ttet the Eye ought noe- 
withftanding, to receive the Impreffioa of the Gttij^ in 
the fame Place G, where it would have reeetved it if 
there had been no Glafs ; and for this Reafoii it ought 
Hill to fee the Obje^ in F. It is alfo certain, that 
the Obje6l F, would make an Improfiton. upon an Eye 
placed in N by the Rays which it would fend thither, 
if there were no Glafs between j but becaufe thefe Rays 
now meet with the Superficies AB, by which they are 
fo refraSed, that when they come out of the Glafs, 
they enter into the Pupil of the Eye E, and afterwards 
goon in fuch a Manner, as to fall upon that Part of 
the Bottom of the Eye marked I, where they imprefs 
/uch an Image as an Objeft placed in M would do ; 
therefore this caufes the Eye at the fame Time that it 
fees the ObjeS F in its true Place, to fee it alfo in M. 
So likewife the Rays which would excite Vifion in the 
Eye, if it were placed in O, and no Perfpefiivc-Glafe 
inten'ened, being in this Cafe refrafled by the Super- 
ficies CD, fo as to imprefs an Image of tne ObjeS F 
on the Part of the Eye marked H, where an Objeft 
• f^ced 
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phc?d in L would make its Impr^ioii if' there vf^ri 
no Glais ; it follows^ that the £jre Eiought to fee )zet: 
another Ohji96l F in L. In a Word, it: is eafy to ihFcr,^ 
that the < Eye itknUt fee the ObJeS. F in all Aofe Plar^ 
ces, whei^ ttie ftreight Lines tei-inimte, which coming* 
from, the PupiU pa& through the feveial Sides of^en 
Glafs, by which the Rays of the Objeft arc fo rtti' ., 

fiaded Us afterwards to m«k^ anlhipiseffibli of it upbn ' . 

the RetiiM. 

3* I have nothing fiirtheif to add to tHisj but only thaH;^^* ' ' 
fometimes the Qb^iSt when looked at through the SideSv^^'^^. 
AB9 CD, may appear differently coloured fi^ih what: \\iourtd. 
does when Iqoked at through the Side BC; the Readan' 
of which is, :becaufe the Rays which come froni thfe Ob^« 
jeft through the Sides AB, CD, aw reFr?ft§d pretty 
much in the fame manner, as the^ are by zPrtfih^ which 
has been explained, before. . ' - ' '' . 

4. Let u^ now exaihine ^ convex Glafs fach ats that ^.Ua^ie^ji' 
in the Figure CDEF. Now it is to be obferved, -thit/^^f ^j'j , 
as it is the Property of this Glafs to collea into a Point {^l^/j^,;^ . 
the Rays which &11 parallel upon it ; fo is it the Pro- are refraB^ 
plerty of it, to colled into a Point, liJtewife the ifevcral?^ "; /^«-ff 
Rays that fall upon it from any fingle Point of.an.Ob-»;^j]J(j/^J5"" 
je<a, With this Condition, that the Point where thwraretxab. x. 
reunited is fo much the furtlier diflant from the Qlafs^ 

as the Point from which the Rays feparate is nearer to 
it ; and this latter Point may be fo near, that the Rays 
which proceed from it, may never lie reunited at asu,^ , 
but become parallel or fomewhat diverging when, they : 
come out. 

5. This being fuppofed, if the Obje<9 AB be at a pro^ s- ^^ « 
pier Diftance from the Glafs, all the Rays which come ^J^'^^- 
from every Point of this Objed, may be reunited again md>« the 
in as many other Points. For inflance, the Rays wKicrh /-^f «»/'^« 
come from the Point A may be coUefied together in H, f ^f '*"*' 
and thofe which come from the Point B, may be col- . 

leded together in G. Now if the Eye were placed in 
the Point I, it is certain, that becaufc the Rays which 
convey the Image to it from every Point are convoking, 
that is, enter into the Eye with a Tendency to unite .toge- 
ther -y therefore I fay it muft neceflarily be, fmce the Re- 
fradions of the three Humours of the Eye afe m^dc in 
the ufual manner, that by means hereof thefe Rays muff 
unite together fomewhat nearer to the Clvyftalliiie Hu- 
mour than they would otherwife have' done. Wbcrefiifre 
Vol. 1. Si' if 


26o ROHAULPs SYsriu PartL 

if this Eye be the Eye of a young Many which cannot 
flatten it ielf beyond what is requifite to fee Objeds di- 
ftiafUy, whofe Rays &I1 upon it as it were pandlel ; it is 
evident, that fuch a Perfon will fee Objedb fo much the 
more confltiedlv as the Rays which fidl on the Eye have 
a greater Tendency to unite togetb^ more on dus Side • 
' the Retina. 

mJl^.u 6. But if it be the Eye of an OU Man^ which by the 

Mftnjitmrt common Decay of Age is become flatter than the Eyes 

dijHw0, of other Men j bccaufe the Reafon of fuch a Pcrfon's 

feeing ObjeAs confiifedly is, that the Rays which come 

from any Point in an Obje^ are not reunited when they 

come to the Retinaj which they fall uj^n fooner than 

they fhoiild do, therefore a Convex-Glafi makes them 

fee dtftinHljf ; for it makes the Rays more converging, 

and K> helps the Humours of the Eye to reunite th^m juft 

when they come at the Retina. 

iJluLoh 7- ^^^ Dijtance of an Objca looked at through fuch 

^*l^Lar' ^ Glafs, ought to appear greater^ becaufe the Difpofition 

0td greater of the R^YS which come from any Point is fuch, as 

Dijimm*. caufes the Eye to put it felf into fuch a Figure, as occa^ 

flons the Mind to imagine the Diftance greater. And 

this is the Reafon (i) why we think the Objeft to be 

further off, if we^ not piejudiced before-hand in our 

Opinion #f the Place where it really is. 

8. As 

(i) jyh Vfe think the Obj^S to ht to bf In At Naturt of IhtHgt it 
ftirtkiroff) Htxtththmou^'Dx' Barm cannot bt Jeen behind at tbt Point 
rotff ^itopo'es a reij great Difficulty U (becauji tvery Impreffion that of- 
in hit Optical Leffuret, v'.z the it » /efft the Senfi, comet from the offo^ 
towards the Eod. Uotoemer^ fays he^ fte Forty vis. A) and it is contrary 
i will not leave ojf, till I have propo^ to Experience affo. A^cw it Jeemt to . 
fed to you a very great Diffitmhy {out follom^ from the Dvffrtne we have 
of tbt Sincerity low* to yon f and to laid dawn, that it ^uld appear to 
i'rutbf by no means to bt dtffend>Ud) bo before wi. and at the greatr/l Di" , 
Vfbicb iicontradidory to that Opinion fiance pojfiile [a Diftance ettteedinf: 
mfbicb I bave betM recomnundit»g to any that we can imagint.) For tbt 
jfM, at U off cannot btflved by ttm lejt divtrgie^ .tbt Rsye that comt' 
It it briffy tbii. Let tbe Potnt A from any Obj^B are, fo nuuh tbt fir- 
he expofd to tbe Lens tber diftant do we lOnceive it to bt 
Tab* X. CDBF, at fuch a Oi- {if we be not prtjudictd concerning 
ftanee, that the Raytm, y its Diftance be/ore band;) and that 
be fo b>nt at to tend towards uniting O'jtB whicbfendt firth parcUel Ruyt 
fomewbtre in the Axis HD, antTlet vh imagine to be tbe moft diftant 
tbt Point H be tbe Place whert they that can be. In RtaJ^n tberefre^' 
meet, or tbe Image of the Pont A at one would think ^ th4t when the JRa^t. 
welbave all aUng befori afttrtedfV'x. come from (be Ohje£l converging, it 
Chc Focus; between this Point and fljould appear , tf it were p'JJibU^ at 
tbe Glap y^ lei n\ Jupp^fe the Eye to a gnatir Diftance yet. But in this 
be any where placed. I atk, in what Cafe it nay bt atked in general. 
Place ought tbe Point A to appear mi hat it it that determines the op* 

-^ pareni 


i 


Chap. 33- ^Natural Philosophy. 261 

8. As to the Situation, that will appear the fame a$ u- JU^/]^ 
fual, and the fame as if we look at the Objeft without q^-^ ^^ 
the Glals, becaufe the Eye fees the right Siit of the fear u its 

Objea ^'^ S'^' 


ttn^ 


fartnt phc$ of ih§ Punt ji, and 
makgt it appear fomttinut marer, 
and fimtiinut further vf, and aU 
V»ay» in tbt Jama Proportion, To 
which Scrupta we can gtnm no An- 
fwerfrom tht Anatogy of any Thing 
that bat bten hitherto faid, only that 
. the Point A onghe aho^i to appear 
to he at tht grtateft Dtfiante* But 
,Experitnct frnot tb* contrary, vU. 
' that it appeart at diffltrent Diftan* 
eel, according to the different Pojition 
of the dye between tht Point i F and 
U, and fcarce ever (ij at all) at 
afurthir Diftanci than the Point A 
really is j hut many times it appeart 
much nearer I nay, the mon tht 
Rayt which come to the Eye con- 
^^i^> fht nearer the Image of the 
Ohjea approaches. Thus, if tht E^e 
he placid in the Point V, the Point 
. A wifl fctm to he very nearly in its 
true Place j if the Eye be moved 
backward to T, tte Image will feem 
to approach nearer \ and it will ap- 
pear fiill nearer, if the Eye be in I 
or L, andfo by degrees ti'l the Eye be 
placed fomettfhere near ti, tvhere the 
ObjeS will appear verf near, and be^ 
gin to vanijh confusedly All which 
f-em to coiUradid our Arguments and 
Opinions, oratleaft, do not very not ll 
agree with them. And this Expe* 
riment not only contradt0s our No- 
tion, but all other that I know of, 
equally It feems fo much to over- 
throw that antient and common one, 
vfbich is more a kin to curs than 
any other, that the learned Taoquett 
vtat forced by tt to renounce that Prin- 
ciple, (upon vibicb alunr, almajl all 
bit Catoptrickt depend J as nncertan, 
and not to be deptnded upon, wbert. 
by be overthrew h't own DoSirine 
U the prefent Cafe there is 
fo-netbing that ttet deep bid in the 
Subtlfty of feature, nvbich perhaps 
cannot be dtjcuv^red, till Wi undtr- 
Hand the Nature of Vifion more per- 
fe^ly. Concerning vfhicb, leomefs, 
I have not yet been able to tb nk of 
any Thing to fatter my fef with, 
much iff* to f>ive ny felf entire Sa'is- 
ftiBian, I therefore leave this Df , 
ficulty with you, andwifi you better 


Snteefi infifving it. Thnt fir the 
f«mooa Dr. Borrow, 

And Indeed it moft be acknow- 
ledged, tLat there is a very great 
Difficulty here* For it i« erident, 
that aCandJe» the Rays coming from 
which, are coiledled together^ end 
made to converge by ft convex G^aGt 
however near, we, by afurprieiiig 
MiiUke in our Judgement,, conceive 
it t> be, does notwithffandrng afft^t 
the Eye when it is placed in I or L, 
cza^y in the fame manner, aa it 
would 60, if thoie very Rays caiQe 
indeed from an infinite' Dlf^ance, it 
will appear by the following Obfef 
vations* 

Firff, If the Lens be fo broad, 
that we can fre the Candle through 
it with both Eyes at the fame time, 
though we endeavour all we can to 
make our Optical Axis diverge to a 
dift'ttt View, .yet the Candle will 
never appear fingle, but always dou* 
bie I in fuch a manner doubly that 
of the two Imagea of the Cand.'e, 
the right Hand one will appear on 
the right Hand, and the left Hand 
one on the left Hand. Whence it 
is moftmanifeif, that the Place firm 
whence we ought to judge the Raya 
come, is beyond that where the op* 
ticai Axes meet, be it at never lb 
great a Dift^mx: that is, the Can« 
die will affeftl the Eye in the fame 
manner as if t^ were at an infinite 
DiftaAce. ^«r the Notes an Chap. 
xxxii. Art. 31. 

Neither can it be faid here, that 
the Candle is not therefore feen dou- 
ble, becaa'e it is feen, as it were, at 
an infinite Diftance ; but that it is 
only an accidental Th'ng, andelf^* 
cd by the lnterp..fiuon cf theGiaik* 
For if we l%)ok through a concave 
Clais, it dors not appetir double ; 
and it my be feen finite through a 
Cnv^ex- Clais, if e ther the Eye or 
the Cand«e, be fo near the Glafi, 
that the Rays fall upon the Eye, 
not convergini^, but only left d- verg- 
ing ; in which Caiie, fuch Qiafles are 
of grtat Ufe to render the Sight more 
diftlna. 


S3 


Second'y, 


Objeft B, by means of the R^y YI, whiph is on the 
fight" Hand of th^ Ray SI> by means of which, it (^ 
• . ' the left Side A. ' ' 


Secofidfy, The Reafonof the Ap- 

. ipe^ntnce i>( a Oard.e in this manner 

when Jooked at throcgh a convex 

• Ginifs, is exa£l}y the fame, as that 
of a-Cajidle ken erc£k when tlie 

. R%ys^ are teflefied by 3 concave 

l<(K)king Claik. In both Cafes the 

. &*y9 are converging j in both Cafes 

. the^Objedtreemseqoaliyneait. Now 

in a coacave Gials, if when the I- 

• mage, i^ i«en ercA behind the G>a6, 
.i Stick br a long Reed be ib put be- 
Jween the Cii|dle and the Superfi- 

cie» cf the Giafs, as to ftand per- 
: -pesdicttlar to the- Qlals, the Image 
of that Stick ought to appear of 
9n jjifinite Length behind the tvla fs 
(as Hacquett has demonftrated in 
hia CstofHrich, SookUt ^rcp 22» 
«nd as the Thiog it feif ihewa us) ; 
3iid yet the ]m«gc of the Candle 
I xnuft neceflkrily appear beyond the 
Image of thit^tick j however near 
therefore we , through Pr^judice^ 
. judge the Image of the Candle to 
. he when alone, it is yet evident^ 
that it does really afiba the Eye, as 
If there were an infinite diftance be- 
tween. And the fame muft be iaid 
: 9^ » convex Glafs. 
. Now here b the great Difficulty 
( as the learned Perfon befoie-men- 
. tioncd ebferved) hew it comes to 
. ps(ai» thytwhen the Rays U\i up- 
. on the Eye as if they came really 
f from an infinite Diftaoce, yet the 
. V9ndic di'cs not leem ( a« one wou'd 
eXpp6^ ) to be as remote as pcfii- 
b!e, but always very near, tho\>gh 
' ^Mnptimes nearer than other, and 
.^hflt in a ^eruin and .conflant PrO' 
. port ion. 

Now havirg.confiderfd thfsDif- 
.&;u)ty on a I Sides, 1 at laft found 
•ut ^he iotLwing Solutipn of ^his 
lurpr zing Pnaenomenon. 

Ffrji^ Bccaufe we cannot.judgeof 

;the Diftance of the C«ff^/« by the 

mcering of the optical Axis (for 

in this Ca e, thofe Axis can never 

me«t at all at ihe Candle, as w»s 

ihefore demonflrared ; ) and becaufe 

.tke Judgement which we make of 


the Diflance of Obje£h \>yone Eye 
only, is always the worft and moft 
uncertain, ttiA becauife the trtie D!- 
ftance of the Candle is known be- 
fore j therefore from Krejudicc and 
PrepoifeHion, it muft alwaya fcepi 
to htfrettf near to u*. To which 
we may add, that we cannot by our 
Sight perceive any Diftance, how 
great ibever it be, if there be np- 
tbirg in the intermediate Space: 
Thus the Body of the Sun, though 
we very well know, that it is at 
an immenfe Diftance from us, yet 
it fseins very near.; and were it 
not that we imagine to our felves, 
from the Concavity of the Heavers, 
t certain Radius of a S'pheie, we 
fliould think it flill much neater* 
Thus if we look at the Sun thro* 
ft very long T^be, which hinders 
our Jeeti^ any other Bodies, it 
feems to be at the End of the 
Tube. 

Secondly, It ought alfo to apptar 
fometimet marer than other ^ axd that 
in a certain and cor^ant Profor- 
tion. For when the Eye is placed 
near the Glafs, as inV, the Candle 
ferma further oi^ ( as by the Laws 
of Optic ics it ought to do ) than it 
does with! ut the Glafs 5 now if the 
Eye be removed backward gradual- 
ly, the coi^mon Refra^ion of the 
Rays will be fucb, that the Candle 
mi ft riCceiTarily fecm hrger and 
. brighter, in the fame Proportion as 
the Eye recedes from the Glafs. 
Now this Larger)ers and BHghtnefa 
is the Rea^n why it feems nearer 
and almoft clofe to the Eye. 

And this is.cqnfl'^med from hence, 
that if the Rays of the Candle are 
firft tranlmitted thrcugh a cOKcave 
Glafs (that the Bifnefs and Bright* 
nefs rJF it m>-.y be diminifhcd ) and 
tht^n by pufling thiough a convex 
G'afs they be made to converge ( as 
when we lock throtfh an inverte^ 
Teicfcopc of two Glafles) then we 
eafily imagine the Candle to be At 
a veiy grrat, and almoft infinite 
D.ft^iicft* 


9. But 


Chap. 33- i^NATCRAli FfJIlOSOPBY. ilfij 

9. But this Obje& will sfipeaxfimitubat h^gefy. bectufe 9- ^h '^ '" 
the Rays VI, SI, as thcjr enter into the Eye, aic incK-^J^'i, 
ned to ieach otjier with a lai^r Angle, than they are hsi^ fuirkigg^ 
fbie they wene lefcafM by the Glafs, fo tfatit tfaeijr 
feeming tocom^ from the Pkces 2 and 3, jnipre& ail 

Image of the Obj^ upon the Eye as big as if tfafey poft 
feffed all the Space between 2 and 3. 

10. If th^ Eye be placed in L, the Rays which comd 10. Hno U 
to it from any Point are ftiil more conver^ng; and"'«r<"f^ 
therefore if the Sight were conftifcd before, it wi!l bd '^^^r%u 
much more fo now. And becaufe the Rays XL, and TL5 higggr and 
which come from the two Points A and B of the Objeft, ^* "^- 
make a fUll greater Angle than SI^ VI, they muit makie*^{^^ ^, 
the Objeft appear yet bigger. W'hence it ihodd feem * ^ 

to follow,, that the Vifion fhould not be fo dear, but 
more obfcure, becaufe the Rays which imprefs the Imagf 
of the Objeft on the Eye taking up a larger Space up- 
on the Retina^ each Capillament of the Optick Nerve 
receive fewer of them in Proportion : However it is 
certain, that we can then fee as clearfy as if the Image of 
the Objcft were fmaller. For there are a great Num- 
ber of Rays, which come from every Point and 2xt . 
difpofed by the Glafs to reunite, th^t enter into the 
Pupil when it is fo placed as to fee the Obie<ft very 
large, tjian when it is placed where the Objeo: appears 
.fmaller. 

11. So likewife if the Eye be placed in Y, the OBjeft ^^'^^jj/' 
ought to appear very bright and clear ^ becaufe all the tbtOhj^ 
Rays which come from any Point of the Objeft, and appear 
fall upon the whole Superficies of the Glafs do then en- yt^^ **** 
ter into the Pupil ; but it muft, notwithftanding this,*^"'* * 
appear very confufed^ becaufe the Rays being already col- 

le<5ted together when they are about to enter into the 
Eye, (i) are refrafted afterwards by the feveral Humours 
of it, and are by that means difperfed again ; fo that 
thofe which come from the fame Point of the Objeft, 
imprefs an Image on a great many of the Capillaments 
of the optick Nerves, upon which the Rays which come 
from other Neighbouring Points imprefs their Image 
alfo, and ihis makes the Image of the Objeft wholly 
confufedp 

(i) Are ref raffed afterv)ards) Are difperred tpm. when they ccrne at tht 
Bottom of the £je. 

S 4 12. It 
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t*. Bmf ii 12. If the Eye be placed in M, the Objea muft ne- 
IZ^^t^ ceffidrily appear inverted ; for we fee the left Side A by 
fw in- means of the Ray HM -which is on the right Side of 
^Z'fuUd^ GM, by which we fee the right Side of the Objca. 
*•*/*!/« • j^ muft alio necefTarily appear cot^Jed j as well becaufe 
the R^ys which come from any romt, as A, cannot be 
txaiSAy colle£led together at all beyond the Glafs, fo that 
the Eye cannot put it felf into any Figure which will re- 
unite all the Rays that come from H ; as becaufe when 
the Rays really come froni H as from one Point only, 
they &11 fo diverging upon the £ye, that it cannot 
lengthen it felf enough to reunite them upon the Retina. 
The Firft of thefe Two Reafons {hows us, that in this 
C^fe it is impoflible for the Eye to judge what Diftance 
the ObjeA is at; and (i) that it feems in that Place in 
which we before-hand imagine it to be. 


(1) Tkatit fitmt in that Plact.) 
Here we meet with another Diffi- 
culty, coacerningthe Place in which 
the Image ought to appear, almoft 
■s great as the former, which Mr. 
jyecbalei prcp< fes in this Manner, 
^09k IT. Prtf. It* of bit Dicptricks, 
%hertiif fiiys he, alwayt m very gnat 
ViJ^cuhy in exptainin* tbt Manner 
bow . the Eye fen the Place of tbe 

06jeff, but in tbii Cafe 
Tab* X* there it a very particular 

Difficulty^ becaufe Reafon 
and Experience do not fccm to agree 
tegetber, nay, tbe Experience here it 
tntrary to other Experiment t alfo. 
Far It it ev'idnt Jrom Experience, 
that tbe Ohj*S AB it not feen in 
the Place of its Image ^ viz. in GTH^ 
wb. n tbe Jtye it placed in My for I 
ta*ve tried I bit a hunbr^d iimtty 
and turned tbe Glafftt all fVayt m 
order to find if 1 culd p^Jfibfy make 
it fucc ed fu Hoioever, according fo 
JRetfotty it 'jugbr noitbout all Ooubt to 
beh'n in toe Pace of the Image, via. 
tn era For when tbe Of>j a AB 
afrfii tbe Eye by tbe Rayi of itt 
Image, It /hoald feem at if it owbt 
fo to affSi the Eye at if it were 
in cm. For if the Point A, tor 
Inftanee, were in H, it would fend 
forth Ray* from H to tbe Eye in M ; 
and tbovgb it be in itt prop r Fl ce 
via* iff ike Point A, yet it fendt 


13. If 

fortif Rayi in tbe fame Manner at if 
tbvf came from tbe Point ti\ therefore 
itftemt at ifitfiould affiff the Eye in 
tbe fame Manner at if it were in tbe 
Potnt H, 

To this Difficulty, this famous 
Perfon anfwcrs, That the Fody AB 
is indeed really Teen by the Eye M 
in the Place of its Image GYH j but 
becaufe it can be feen ooiy by one 
Eye at a Tim^, therefore by a mi- 
ftaken Judgement, we imagine it to 
be further from us. Thut far He. 

I have oftentimes fo ordered the 
Glafs, that the Objed> AB (which 
ought to be a Candle) may be feen 
with both Eyes N and P at the 
fame Time* If it be a very large 
Glafi the Candle may very eafily be 
feen with both Eyes at the lame 
Time 

Having theie^ore made exad Ob. 
fervation .of this Matter ibrrugh fuch 
a Ciafs, I affirna, thn the Boidy AB 
is <tti\ by the Eyes NP exadty in the 
Place of its Image GVH 5 
For if the optcai Axes Tab. X. 
be fo diie<flrd, as to meet 
in theSiiperficifs of the Glafs^ the 
Caidle w.il always be feen double, 
and in fuch a Manner double, that 
the riftbt Hand imasce is feen I y the 
left Eye, and ihe left Hajid Image 
by the right Eye. Whence it is oioft 
iaan;feft, that the Image is placed 

within 


^1 
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13.' If the Eye be fuppofed in N, the Second of thefe »3* ^««» 
Reafons will not tjike Place, and therefore the Objeft Jf j^^^^^^^ 
ought to be feen a little more 4iftin^y but always in- invtrted and 
verted^ for the Rcafon above-mentioned. And as to^A^**A' 
the Bignefs of it, we judge of that by the Largenefs of-'* " 
the Angle made by the Rays which come from theEx-, 
tremities of the Objed, at their Entrance into the Eye, 
compared with the Diftance which we imagine it to be at. 
But it muft not here be omitted, that the Spaces OP 
and QR,, through which the Rays which come from each # 
Extremity of the Objeft dif&iie themfelves, is fo much 
the greater as it is further diftant from Y, where the 
Rays which come from every Point of. the Objeft meet. 
And this makes the Space (^, where the Eye receives 
the Impreffion of the two Extremities A and B at the 
iame Time, to be fo much the bigger alfo 5 To that there 
is a large Space for the Eye to move about in, where it 
will always fee the whole Objeft. 

14. Hitherto we fuppofed the Objeft to be fo fer re- »4- How it 
moved from the convex Glafs, that the Rays coming '^l^^^"^ 
from it might eafily be reunited in the Bottom of ths very dtftina. 
Eye I let. us now fuppofe it fo near the Glafs, that the 
Rays which come from any one Point of it, have no 
Tendency towards uniting together, after they are paiTed 
through it, but are only made much lefs diverging than 
they were before : Let us fuppofe alfo, the Eye to be at 
fuch a Diftance from the Glafs, that the RefraAicms which 
are made at the Entrance into each of the Humours be 
fuch, as will caufe the Rays which come from any An- 
gle Point of the ObjeA, to unite again in one Point up- 
on the Retina ; in this Cafe it ia evident, that the Vifion 
muft be exceedingly di/iin£f. For, befides that the Rays 
which come from different Points of the Objed, do not 
at all confound each other, the whole Image imprefied 
by them is fo large, that there is a fufficient Number 
of Capillaments of the Optick Nerve, to caufe the Soul 
to perceive a great many Particulars, which it would 


within ihe Place of Concourfe of the 
optical Axes^ that is^ becwern the 
Olaii and the Eye, visa, in QYH. 
See tbt Notes en Qbap xvxit* Jiirt. 
%x* But further, if the optical 
Axes b? fo direced as to mset on 
this Side the Gl.fs , the Candle 
W il be ieen fing'e, and manifeft'y 
•n thia £ide the Giais. 


But In the former C»fey where 
the optical Axes were dire^ed to a 
Point further diihnt , becatife the 
Inoage of a Caodie does not termi- 
nate the S^t like a folid Bi dy, 
and becaufe we were beforehiuid 
prtjudictd orcerningthe true Piace 
of it, therefore it (eems to be at a 
greater Dtilancc. 

other- 
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etb^rwife have taJctn no N^ceoT^ if tht Image bad been 
fo fmall» that the Rays which came from two a<9ou>* 
ing Point$ of the ObjeQ, had been forced to meet ta« 
getW in two difierait Paints of one and the kmt Ca- 
piUament* 
15. Cm. 15, Upm this Foundation it is, that thofe (hull 
ZtSti^' GJafffls which we caiU Mcrrfc^pfs are made. They con- 
er0j^0ftu j.^ of (i) oneGIafs only, which is fo convex, that if 
a Flea, or any other fmall Objed; be phoed at about 
. an Inch Diflance from the Eye, and the Glais be |iut 
between them, it will caufe the Rays which come iioin 
any Angle Point of fuch a fmall Objefl, and whicb di^ 
verge very much, to diverge afterwards fo little, that 
the ordinary RefradHons of the Humours of the Eye, 
will determine them to unite in one Point on the Retina. 
By this Means the Eye which without a Glais cannot 
f^e an Objc6i: difiin£Uy which is nearer than a Foot 
Diftance from it, may be made to fee one which is 
twelve Times nearer it. From whence it follows, that 
the Diameter of the Im^e which this ObjeA imprefles 
upon the Retina is twelve times larger, and confequent- 
ly, that the whole Superficies is a Hundred and For* 
ty Four times as large, as it would be, if the Ob- 
Jed were at a. Foot Diftance ; wherefore fmce it ex- 
lends it felf upon a Hundred and Forty Four times as 
many Capillaments of the Optick Nerve as it would 
Otherwife do, the Objeft cannot but be feen very di- 
ftinaiy. 
J 6. How M J 6, i^^ us now examine a cmcave Glafs^ fuch as 
^y^;^,. that in the Figure CDEFGH, the Property of which 
fraat tb* ^ according to what was before faid, to make the 
Mayswbtcb ^^y^ ^hJcJi it receives from any fingle Point of an 
M^e^ Objed^ to become more diverging than they were be* 
j»ointso/ an foxe they pafied through the Glafs* Thus the Rays 
T^k^xL ^^h come from the Point A, and fall upon tbit 
Part of the Glafe marked V!X!, ipread them&ives after 
they are pafied through it, fiiam R to Z ; and tbo& 
which come from the Point B, and fall upon the fame 
Space VX, extend themfelves through the Space YT. 
Further^ it is alfo the Property of a concave Gla£, fo 
to incline the Rays, which come from two difiSsrent 

(1} They tofijift of one Glaf* only) Thiols have been fcund out by the 

THereate fome which coRfiil of fe- Help cf thefe Microfcopts y may b« 

^eral GlafTes, that arc much more fVen in Mr, Hook' 9 micrography ^ aii4 

aicftk What, ^iid how iurprlzing ic othet$* 

Points 


Poinits qf t,he (»bj«(^, to e^h Oft^ $ th«fc when they * 
meet together^ they ip^ke 9 hU Angle than they vouM 
do^ if fjiey ha4 not puffed throiigh fuch a Glafe. For 
inttance, the lUy MI, which corner ftOin the Extremity 
of tbeObjeft 4t aijd ihj5 Ray LI,* which comes fiom 
the other Extremity B, make fo fmall an Angle, via. 
MIL, th^t they fy^mtq come fioin the Plaos marked . 
N, O. 

17. Whence it fpljows, that if the Eye be placed in I, '7- ^<w »^ 
and look upon the Objea AB, it will fee it cmfufsdlj.: ^,7^^ 

\©ecaufe the )R.ay$ which poxne from every Point, are fo tiu^^fu,. 
div^rgipg, * that the RefraiStiom of.the Humours of the 
Eye cannot make them unite in fo m^ny Points i^km 
the Retina. 

18. However, there rmy be fome Eyes £b oiiich loti^ ^.Z^' ** 
er and niore gibbous than orflinajy, as to reunite tht fime Pgrfau 
Rays which they receive from any iingle Point of a di>- jT'f '^'^j ^i- 
ftant Obj«a, • before they come to the Retina^ fo thslt ^'•?^" 
they can fee onjy near Ohjefts diftindly 5 They theit^ 

fore who h^ve fucb Sort of Eyes as thcfe, may make 
good ufe of a concave Glafs to fee diftant Obje£b 
diftin£lly with ; becaufe by this Means the Rays which 
come from) any fingle Point of the Ol^^eiS: are made & 
diverging, that the large Refractions made by the Hu^ 
mour$ of fuch Eyes, do not reunite them before they 
come at the Retina. * 

19. If an Eye of the ordinary Figure be placed at a 19. Km» it 
greater Diftance from the Ghfs, as at P, it will fcefome-' T^ei^ k ^ 
what more dijiin3lyy becaufe the Rays which fall upon ,^^ ^,^^ 
the Pupil from any fingle Point of the Objed are 1^ h}i M^ 
diverging than they were in I; and on the other Hahdj -^''"^'"'Jf /^ 
an Eye too long or too. gibbous will fee it fo much the "*" 
more confufedly as the Point P is further fit>m the Glafe, 
becaufe the Rays which come from any fingle Point of 

the Obje£i, being kfs diverging, the Refiradions made in 
the Eye, detem^iine them to meet before they come to 
the Retina. 

20. But whatfbever the Figure of our Eyes be, whe^ 10. That it 
ther they are fitted to fee Objeds that are near, or fuch ^* *^.^^ 
as are at a Diflance^ whoever makes ufe of fuch ^trUsitua- 
Glafs will fee the OBjecft in its true Situation j for the tion. 
Rays which caufe us to f^ the right Side of the Oh:^ 

jcft, come to us from the right S»de ; and thofe*which 
f^aufe us to fee the left Side, come from the left Side. 

« 

21. As 
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%i»Tbatit 21. As to thc Difiance^ it makes that feem l^s than 

main te ap- j^ jtally is, becaufe when the Rays which come from 

u M. any one Point, enter mto thc Humours of the Eye, 

they diverge juft as much as they would do, if they 

did indeed come from a Point of an ObjeA much 

nearer. 

ti. that it 22. And as to the Bignefs ; becaufe the Extremities 

makttit #/. of the Objcft are feen by Rays which make a lefs Angle 

^*'' ^'' than 'they would make without a Glafs, it follows, that 

it muft appear much lefs, 
23. Ttorf 23. Becaufe the lUys which come fix)m any Point of 
maktiitlookAR Obje£l are mad^ more diverging by paiEng through 
•^aiif ^ concave Glais, it follows, that fewer of them can en- 
ter into the Pupil, than if they had not pafled through 
thc Glals ; however the Vifion ought not to be the lefs 
dear upon this Account ; becaufe this is made good by 
. the Image being impreiTed on a lefs Space of the Retina^ 
fo that every (ipillament of the Oj&//V>f Nerve is Suffici- 
ently fliaked to caufe us, when we look through fuch a 
,Glais, to fee the Objeft as clear as when we look on it 
without a Glafs. 
%\,rhatit ' 24. To what has been hitherto faid concerning the 
make* a concave Glafs, we may add, that the Space RT, which 
for^btok- ^^^^^^^ ^he Rays that come from the two Extremi- 
jeatlbi tics of the Objrfl being very large, it follows, that 
feen im. thc Evc may fee the Objeft entire in any Part of this 

- laxge Space, 
t J. Concern- ^5* ^nc of the bcft Inventions of our Age, is that of 
ing ?w<- Telefcopes. For by the Help of diem we have not on- 
Jc<f*t. ly difcovered fome Particulars in the Stars, which were 
not obfcrved before, but they fhow us alfo a Multitude 
of new Stars in the Heavens, which we cannot fee 
without them, nor fliould we ever have come to the 
Knowledge of them otherwife. They were indeed firft 
difcovered by' Chance \ but the Invention appeared fo 
furprizing, and fo ufeful, that the greateft Genius's have 
laboured hard to bring them to the higheft Perfeftion 
|K>f&bIe. I cannot therefore forbear explaining the Na- 
ture of tl^em in this Place j and the fo doing will very 
much confirm all that has bcpij^hitherto faid about Vi- 
. '. fion. They confift commonly of two Glaffes, fixed to 
each End of a Tube : That Glafs which is at the End 
pcxt the Objeft, and is for that Reafon called the Ob- 
jeSif.Glafs^ is a little convex, and the other Glafs which 

is 


-^ 
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is at the End of the Tube next the Eye, and is there- 
fore called the Eye^Glafs^ is on the other Hand, very 
(i) concave, that is, much thinner in the Middle, than 
at the extreme Parts. 

* 26. The Obje^^Glafs caufes all the Rays which come ft6. rbt 
from every fuigle Point of the Objeft, to unite together ^l^p^ 
very nearly in as many different Points, on a Superficies ^quu!^ 
which we are to fuppofe on this Side the Glafs, at a 
greater or lefs Diilance from it, according as the Glafs 
is more or lefs convex ; now becaufe the Rays which 
come from dif{ererit Points of the ObjeSs, crois one a- 
nother as they pafs through the Glafs, it is eafy to con- 
ceive, that they paint fudi a Sort of an Image upon this 
Superficies, as we have before fhown they do upon the 
Retina^ and that it is To much the larger, as the reuniting 
of the Rays caufes it to be at a greater Diflance from . 
the Glafs : If therefore the Bottom of the Eye were put 
in the Place of this Superficies, and it were polTible for 
the Humours of it not to make any Refra<^Ions ; we 
fhoold have a very large Image imprefled on the Retina^ 
by Means of this fingle Glafs, and it would fall upon fo 
great a Number of the fmall Capillaments of the Op- 
tick Nerve, which would receive diflinftly, the Im- 
preffion of every fmall Part 4>f the Objeft, that it would 
be impofTible but that the Vifion muft be very di- 
ftinft. 

27. But becaufe the Humours of the Eye cannot be %j. 7^ 
hindred from caufing the ufual Refradions, they mult Pf^o^ry •f 
neceffarily fo refraft the Rays which come from every %]^^*' 
Point of the Obje^ and which had before a Tend^cy 
to unite together, that they will unite before they come 
at the Retina^ and then feparating again, will imprefs a ' 

confufed Image upon that Tunick. Now the Eye-Glafs 
is fo fitly placed between the ObjeSt^Glafs and the Place 
where it would make the Rays meet ; that it caufes thofe 
whicli come from any Point of the Objeft converging, 
to become parallel, or rather a little diverging j but yet 
it does not hinder the Rays which come from diflerent 
Points, from being as much difperfed as they were when 
they croffed each other in paffing through the Objeft- 

Glaf§* ' And thus the Refra£lions neceflarily n^iade by the 

\» 

(f) Cwcave) Tliere are ftlfu Te- which, fee Regis Phyjfch, Book 
leicopes confiAing of two, three, Vllt. Fart, IL Chaf, xuixj xl« 
or f»ur coavex GhiTes i Cooccrmag xU* 

Hu- 
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Hum6ursof the Eye, inftead of being mjuri6iis, asttey 
were wJthoirt this Glafs, become Very ufcftd with it 5 
for they luiitc thofc lUys which this Eye-Gh6 diQietied ; 
and by this Means the Image which the Ob^ impnef- 
fes on the jR^/W becomes perfedtiy diftihdy and at the 
fame Time very l^rge. Whence it foifow^, that the 
Object is feto d&indlly^^d (i) fa much the bi^ras the 
tlaya which' cottie from any ohe of thefe Points^ are 
1^5 diverging^ and make us think it at a greater Di- 

aS. Wbf 28^. The b^ Curvature that can be of the Su^rfi- 
ibifiGiajei, cies of Glaffcs for Telefcopes, is, (2) that of an Ifypif^ 

Ity «Sr *^^» ^^ ^^y ^^^^ ^^^ Figure, and not the Curvature c4 
mah tb* a sphere. But Wdrkmen have not yet been ^le t& make 

# Mghtfi . ^^^ 

much toe 
more ehjcure* 


(i) ^9 much the digger at the 
Keye which comt froik aty wii of 
thefe Punts are Uff dher^iMgf nad 
make wt think it at a j^eattr Di» 
fidnte ) 

That ia, by how Hiuck the ^ayt' 
of every Pencil being le& dii^erfed'^ 
make it appear further oft. For 
the farther the Objed feems to be 
from u»y the more do we neceiTari^ 
l^ imagi&e the Feacilt of Rays,, 
which crofs one another as they pafs 
through the Object Glafs, to divari- 
cate^ that Uf . the Ob}e^ feetna i^ 
modi the bigger. 

(a) That of an Hyperbola ^ or any 
fueh like Figure, &c.) Cartet took a 
great deal of Pains about thefe fore 
of Figures, and ab3ut the Inanner 
of polifhing Glafles^ but with po 
gceat Succefs. For it is evident, 
that Spbarical Gtefiei, as they can 
be more eaiiiy and more accurately 
made, than Elliptical or Hyperboli- 
cal ones } £> are they to be prefer* 
red before fuch upon this Account, 
becaufe they do more exadliy re- 
fraA the Penciit of Rays which are 
out of the Axitof the Olala. And 
indeed, it is not to be afcribed to 
the Uufltneffi of the Figures of the 
Giafles, but to quite other Cavfes, 
that Teleftopef^ cannot be made ab- 
fflutelyperfea*»nd compleat. Thi 
Two Principal of which C*ufct arc 
ihefe. 


Firf^ The uneqnal ftefiraaion of 
tfid Rays theihfelVes ; {See the 
Naies em Chap, ttvii* Art. 51.) by 
which mearis neither the Eye'GIafi 
( which is Convex ) can be made of 
Spheres fmaii ^dough to ttf^ifj^ 
the bbjed ; itof the OhjeB-Gidfi of 
afufficient Aperture, to render the 
CbjcA bright and di(Ho^, but e- 
very Thing will ilnmed'ately be 
tinged %Hth Golonrs, andcotifbiind- 
ed by the unequal Reftadion of the 
Rays. For the eminent Sir Ifaac 
^ewtoii has iltown, tlwt the Dif- 
ference between the Refraitipn of 
the leaft and moft refrang'*ble R«>ys, 
is ahout the 'fwenty fcventh Part 
of the whole Reff«6(bn of the mean 
refrangible Rays ; and that the Fo- 
cus of the moft refrangible Rays ia 
nearer to the O^^B- Claft than the 
Focus of the leaft refrangible ones 
by about a Twenty Zenith Part 
and a Half of the whole Diftance 
between ihc Obj A-Glafs, and the 
Focus of the mean refrangible R»ys. 
(Opt. p. 74. ) And (herefoie the 
greateft Eriours wh'ch arife from 
the Jpharitai Figure tf the Giajs, 
are very nuch lefs than the £rtours 
which arife from the unequal Re- 
liraaion of the Rays thcmfclves | 
-ney, in ibme Cafes, the Proportion 
i» as great between them, as iioo 
to I (pag. S9.) From whence it 
abu&dantJy appears > that not the 

Jfheerieal 
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their Glafles of any other Curvature but that of a 
Sphere, of which they take fo fmall a Part, that it does 
not fenfibly differ from an IJfyperbohi* But then there 
is this Inconvenience attends it, that there does not &U 
io many Rays upon it fi^m ally dnd Point of the Obr 
jeft, as there would do if th6 Glals were larger ; and 
confequently all the Rays which come from the whole 
Object, arid which fpread themfelves upon a large Paf-» 
tion of the Retina^ Ihake but a very few of the Capilla- 
ments of the. 0///Vi Nerve ; and this is the Reafon why 
we fee Things more obfcurely,* tharv when we do not 
ufe fuch a. Glafs \ and the longer fuch Glafs is^ and the 
fewer the Rsiys are which come upon the Pupil from 
aiiy Point of the Objefl;> fo much the weaker and more 
obfcure muft that Obje<% ap{)ear. 
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Qheerieat Pfivreof fh Gtaffet^ But 
the diftoreftt RefiniigibiUt^ of the 
Ilaysthcinf«lve«> it the Caufe why 
Teleicopes have not hitherto been 
waAt tttiblutely perfed and com- 
pkaty afid that there can be no Re- 
medj fttr this ImxmveiueiMc by^ any 
way figuring or polilhing refra&ing 
Oimfft*\ thtt excellent Perron, at 
Jeogth' invented, and agreeable tt> 
Experimental propofcd the manner 
o^ niaking aTelefcnpe wh^h Hiould 
caa(e the Obje£b to be feen by Rt- 
^fitxUn i Concerning the Conftruc- 
tion and Ufe of which Inftrument, 
Su Oi^tic' pag. 95. 

Secondly, If thi Tbtory cf ma- 
kt'ng Telfjcopei eou/d st iitipb be 
fuily brought into Prsfiicgj Jet there 
vfoiHd he certain Bounds y beyofid 
which TeUJcrfes- could not ferjorth, 
FV>r the Air tbrcugb ivhicb we lock 
upon the Stars, it in A perpetual 
'nttmor ; 01 may be feen by the tre~ 
mnhtet Motion oj Shadow* cafifrom 
^f^h Towers f and by the twinkling 
of the fitted Start. But tbefe Stars 
do wot ttiipinkle when 'viewed through 
Tittfafet which have larger A- '' 


ftriureu for the Ray^ »f Light 
mfbich faf* through d^vtrfe Parts 
aftho Aperture y trewhleeochof thnU 
apart ^ and by means of their- vari^ 
out and fimetimes contrary Tremors, 
faU at one and the fame Time upon 
^Uffsrent Points in the BoMmof thn 
Mycy and tbeir^ trimbling Motions 
afttoo fuftk and coitfufed to he per^ 
esitfod feMrally* And ail thfe il* 
laminated Points con/Htute on§ broad 
lucid Point, compofed of tbofe many 
trembling Points confufedly atd iff- 
fenfbly mixed with one another by 
very ft>ort a^d fwift 'tremors, and 
thereby caafe the Stat tO appkir 
broader than it tt^ and without aky 
Tremblirig of the H'^bcle. Long /«- 
lefcrpet may castfe Objeffi to appear 
hHgbter and larger than fbort ones 
can dof but they cannot be jo formed 
ai to take away that CtrtfuftoHof the 
Roys which arifes from the TrCmbrs 
cf the Atmcjohe^e, The only Reme- 
dy is a m^ Jerine and quiet Air, 
fuch as niay perhaps be found on the 
'lops of the higbeft Mouaiatm above 
the grofer Clouds. NeWt. Opiicks^ 
p. gS. 
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CHAP. XXXIV. 

Of LooJdng'Glaffis. 

BESIDES plain Looking-Glaffes, which are every 
where ufed, there art two other Sorts, vix. Convex 
and Concave ones, not to mention thofe which are com- 
pounded of thefe three Sorts, which are capable of being 
infinitely diverfify*d. 

2. Each Sort of Looking-Glafles has indeed its par- 
ticular Property or Manner of reprefenting the Obieft j 
but in this they all ^ee, that they fo refleft the Rays 
of Light, that the Angle of Incidence is equal to the An- 
gle of Reflexion^ and that the reflected Ray is not in the 
leaft turned afide, either to the right Hand or to the Left ; 
that is to fay, (i) the incident and reflected Rays are al- 
ways in the fame Plane which is perpendicular to the 
Superficies of theGlafs; whence it follows, that though 
the vifible Objeft fends forth from every Point a Multi- 
tude of Rays which are reflected by the whole Superfi- 
cies of the Glais, yet a determinate Number of them 
only can come to the Eye when it is fixed in a certain 
Place. 


(i) Tbi incidutt and refitBed 
RayM art always in tbt [am* Plant 
wticb It perpendicular to tbe Spper^ 
Jict* of tbe Giafs ) This Property 
wonderfully perplexed the famoua 
Dr* Barrow i you will Mt eaji'yfnd 
any good and clear Account of tbi% 
Matter amongfl tbe Writtn of Op- 
ticks ; ahnofi every Tbing that tbty 
alledre witb relation to it, is eitber 
begging tbe fir fi Principle, or elfe /«-> 
bears under fame incomprebenj bk Ob • 
parity \ nor do I mucb wonder tbat 
tbix /boaldba tbe Cafe oftbojt wbo al- 
ways cottfidcr a Ray ofLigbt as oat 
continued ftreigbt Line ; wbicb^ if 
granted f I can fcarce believe it pof- 
fibie to ajjign any good Reafoujor this 
Ibtng, Jtberefore tbink tbat a Ray 
of Ligbt is nut a mtfe Line, but a 
Bedi endued witb all tbt Dimenfionsx 
Je ttat It may be cylindrical or prif- 
maticsf, tec, LeB. 1. SeB, ix. But 


there do not fe^m to be any neceflky 
of recurring to the figure of the 
Rays \ it is all one whe- 
ther they be cylindrical Tab. II. 
or prifmaticaly whether Fig.' 6. 
they be folid Bodies or 
indiviiiSIe Lines. For let GBL be the 
Superficies ,ot the Earth ( which I 
foppofe to be pfain and fm?oth ) A 
the North, I the South, AB a Ray 
of Light' New it is evident, that 
thfs Ray of Light is carried with a 
doable Determination, the one AG 
downwards to the Earth, the other 
AH direAly to the South ^ the fiill 
D^terminauon is refifted by the Su- 
l^rficies of the Earthy the other is 
not \ the Ray therefore ought to go 
on dtfcAly to the South with thii 
Deterin'naticn> that is, in a Plane 
perpendicular to the Superficies ot tht 
Earth } nor can it turn towards the 
Eaftinaa oblique Plaoct 


3. This 


V 
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3. This being ftippofed, let AB be a plain Lookiiigr h^^^T^ 
Giafe, by Means of which the Eye C fees the Obieft 7),^'^/^^.,* 
DE J having drawn from any Point at Pleafure, nip- mahi any 
pofc D, the Line DIL perpendieulaf to the Superficies <^f JJ^^uJ'* 
the Glafs, we fhall fliow that this l*oint D ought to be i^fji^ ^ 
feen in the Point L of this l?erpendicuhr, fo that th^ Tab. vn* 
DittariCe IL, which wc imagine it to be at behind the ^' J* 
Glafs, fliall be edual to the Line ID j (i) for it }s eafy • . 

to deihonftrate, that the Rays DF, DG, by which th^ 
Point D afFeft the Senfe, are fo reflefted in the Lines 
TC, GH, that they enter into the Pupil CH, as if 
they really came from^he Point L : fo that this diverging 
of the Rays caufes the Eye to put it fclf into fach a 
Shape,' as gives occafion to the Soul to imagine that it 
fees the Objeft really ia the Point L. 

4. And as the Point D was taken at pleafure, what ^'^^^^' 
has been faid concerning that, ought equally to be ^^-TeBoJ^bt ^ 
derftood of all other Points of the Objeft ; and therefore af,peat at 
it is evident, that when we look upon an Objeft in ^f^/^^ond^ 
plain Looking-Glafs, the whole Imd^e ought to appear ^ng.cufs ^j. 
as far behind the Glafsy as the Obje£f, is placed b'efdre it it placed 

Jf^ 9ft (bt$ Sidt 

5. It IS farther evident, that this Objeft ought alfoto^. rhat d 
appear of the fame Bignefs, as if it were really placed in //-«'» i^<w*- 
LM : For tbt Space which the Image feems to take up, 'J*/^^^^/* 
is comprehended between two parallel Lines which are at make the oi^ 
the fame diftance from each other as the Extremities ofi^^^f^^ar 
the Objea are/ ^J'^.r* 

6. Laftly, This Objeft ought fo to appear In the Look- 6. i:bat it 
ing-Glafs, that the upper Part (hould be feen above, and*"^*''*^- 
the right Side on the right Side, and fo of the reft. ^^J/situL 
•Thus the Part D, which is higher than E being feeh by ti$n. 

the Rays of Incidence DF, DG, and by the reflefted T*b, Vil. 
Rays FC, GH, which feem to c6me fro^i the Point *' ^' 
L ; and the lower Part E being feen by the Rays of In- 
cidence EN, EG, and by the refleded Rays NC, OH i * 

(I) FS>r it it iafy to dtmonfirate^ artf right, and the Side 11^ commoA- 

&c.} For the An^ DFIastothe Therefore the Triapgles DFI and 

Anp€ CFR ; and the IFL are Htniiar and equal* In like 

Tab. VII. Angle CFB=3 to the manner the Trian-^es DGt and 

Pig. 3* Angle \VL, therefore IGL are fimilar and equal ; There • 

the Angle DFI s;i to fore the Triangles DGF and FGL 

the Angle IFL $ and the Angle* at I are fiaiiiar and e^uai. (^ $. D. 

Vol,, L T which 
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wbiqb feiem to cpme, fxom the Point M ; vre j^^fer tlie 
^j^tioii: which we have of the Point D to th^ Place L^ 
and that which, we have of the PQintEtotl»'Plfi:.e M^ 
which IS lower than t, 
'7^ What has been &id conccrnii^ one Eye, ought 

^ eqimly to be un,derfl:oo4 of the other. And indee^ ilf 

tb^rUfl^ we fuppofe the Spe61;at6r prlncipalty attentive tp loo^ 

m^m tb§ upQj^ the Point hy it will ea$ly appear, that hj$ t,wb OfK 

Z^^E^^r ^^ Axes J wittbe Co inclined tp each other, that they 

wiib b«tb. wilf ieenk to xnkct m the Point L* Whence it fellQWsi> 

that the B^jrsi whi^h eo^Toe from every ft)int of the 0\^ 

jeflE to oiW into one of the ^b) Jeera to conae firoflj 

the -iasneFoiiiiitei beyond the Glafs,. from whence the Ray^ 

leem tp come which caufe every Poi^ of the Objedl to 

tie feen by the other Eye. 

%.'7harA * S-^ A& -to Si convex Losiing^hfsj (ucb as that in the 

<oice«vX«e4* Figure reprefented by ABC, by Means of which the Eye 


JpFfeestibWCM)jeQ:EF, (i) it is eaify to apprehenct, that it 

of 


lb reflefla the Rays which fell upon it from any Point ol 
obpa 4^. the OWeft, fuch aa EB, EG, that the refleaed Ray& 
^s^S^9Mt ^> ^H^ diverge juft as much as if they really camii 
in^indtbe from the Point I, which is at a much lef&Dillance be- 
Ghji, $ism bind the Glafs than the Objeft is befpre it : And this is 
^Siit,^^ ** the Reafon why we fee the Image much nearer than wheft 
Tafck iX* we look upon a plain Looking-Glafsl 
*-^!a • 9* ^^^^^> the Point X from whence the Rays MD^ 
tigMtl.^ ^&i feem to come, by which we Tee the Point F, (2) is 
fearJmaUor. lb near the Point I, that IL appears hiuch Icfe than EF,^ 

that is, a^ convex Looking-Gkfs makes the Object ap-' 

pear much lefs. than it really is. 
10. Tbai It iP- B"'^ though in this a convex and plain Looking- 
Mgbtroa^' Glafs differ from each other, yet tWy agree' in another 
f^ey in its Particular, viz. that they both make the Obiefl to be 

true Sttiia' J" . . tf • - /• i ^•' i 

ho». • fc^n m tts true Sttnation^ as appears from nence^ that 


(1) It it ttt^ to a^rthmd y 
Aec*} This may eafily be demon- 

ftrated, if we draw a 
'^'ab. IX. freight Lifte BC rcpre- 
)Flg' I* ienting a plain Look- 
ing Gtafii, and compare 
It ( as to the Situation] with the 
Tangents of the Points B ard G. 

(2) hfinear the PoinP I,) There 
Wre two Reafons of tliif. Firft^ Be* 
caufe the Image in this Glafsj by 


leafon the Rays of every PeoeU 
are more dirperfed^. is not io far 
diftant fron the Vertex of the An^ 
gle of Vijion as in a p^ain Looking* 
Gials. Secoadiy, B«cau(e this .^«* 
gU of Vifion ifr therefore IcA, be- 
caufe the Portion of the Glafs upon 
which, the Rays th«t are rrfle^lei 
to the Eye, &il, is left than in a 
plain Looking* Glai«* 

the 
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Rm ]£BD, EGH, bv which the Eye fees tl^ 
kiot £ afe higher than the Rays FMD, FNH, by 
)kh it im the Point F, which is the lower Part 
it* 

11. ^s to Vifion made in looking upon a concave Jj,*^j^' 
I>9ok|ngrGl^, it mvr be diverfify'd feveral Ways ac- Looking^ 
cording as the Eye and the Objedi are in difFerent Po- Giafi maka 
£^9iXS. Let us fuppofe a concave fpherical Irooking-^ ' ^''^f ^ 
G3ais.| whofe Center is about the Point T ; and Iqt us ^e*/^ di- 
jumgine in the firft Place, that by Mean3 thereof the Jj^^^l^ ^^'^f 
:Eye P f(?08i the O^ccl EF which is pretty' near the '//L/J^^^f? 
$.i4pQrficie& of it. This being fuppofed, the Rays EB, T«b. ix. 
ECr which oomc from the Point E, are fo reflected to ^^s* »• 
tbe FupiJ, that BD^ GK diverse but very little, and 

fe^m ta come from the Point H, which is at a much 
tnr difiance beyond the Glafs, than the Obje<fl is on 
is Side of it. (i) And this makes us refer the Image 
•of it to .afflreatjer diflance than if we look on a plain 
t/Qpkic^-^G^ifs^ and to a ftill greater than wlien we look 
#n a 'convex Looking-Glafs, 

12. As to the Rays which come from different Points '^* ^-^^ ^' 
di tte Objeft, thcv are in this Cafe fo refleaed, that ^Vr!^' t^ 
thoA} which a£^ the Senfe from the upper Part of the appt.rt.ttg 
Objed, are higher than thofe which atteft the Senfe /^'^^^'''*'»- 
from the lower Part of it ; thus the Rays BD, GK, ^^HthUr^er 
which cauie the Senfation of the Point £, are higher than rh;n the 
the Rays ID, LK, which caufe the Senfation of the ^^i ^?^^^ 
Point r ; and thefe Rays ID, LK, feemlng when they j-^. ^^ 
enter iiHo the Pupil as if they came from the Point M, 

axe the Caufe of feeing the Point F as if it were in M. 
And beqsiufe HM is much bigger than EF, it follows 
that the ObjeA ought not only to appear in its true Situa- 
tion^ hut alio much bigger than it really is. 

13. The Rays EN, FO, as they go towards the Glafs M- ^^J^ 
divide more and more from each other ; whepefore if '^bfuui$ 
they be, continued backwards, they muft meet together appear m- 
fomewher^ in the Point P, and aftenvards dividing ^"^"jf^^jv 
g^in, that which was uppermoll will be lowermoft, and pL a, 
that which was lowermofl: will be uppermoft ; whence 
we cannot but' conclude, that if an Obje£l be in Q|l, 

(I) And tbit make* 9t refir the cdnctve Lcokinf-GM here Is tht 
Iman, ^c.)' Seethe Nffttt 0a Chap, fttne ts that of the conns Oln^ 
xxxuki Aft, J, fcir thf Ciit of tho tbtrc 

Vol. I. T a & 
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it muft z'ppczr inverted 'f but beoLufe the Rays which 
ought to affeA the Senfe from any fmgle Point of it, 
- fall in fuch a manner upon the Superficies of the Glafs 
that as they are reflefted to the Eye, they crofs;one ano- 
ther in /everal Places between the Glafs and the Eye ; 
and fo cannot be reunited in one Point upon the Retinay 
therefore the Vifion muft be very confiifed. 
\1^ ^a " 14- If ^^^ Eye be placed exaftly in the CJenter of a 
IhtPup^ concave Looking- Glafs, it can fee nothing but the Pu- 
wtfcnbt pil J for thofe Rays only which fall perpendicularly on 
/»««• the fpherical Superficies, are reflefted to the Center; 

and thofe Rays only which come from the Center fell 
perpendicularly upon the Superficies ; wherefore the Ray^ 
which go from the Pupil and fell upon the Whole Super- 
ficies of the Glafs, return from thence to the Ey6 
again, which muft therefore fee the Pupil fprcad all oveir 
the Glals. 
jt,,Umtht 15. If the Olgeft EF continues in its Place, and the 

%^l^aJXi ^y^ ^ *"°^^^ ^^ -^> between the Rays BD,"^ GK, pro- 

i-^r ''*'•' longed ; it is evident, that it will ftill fee the Point fe 

Tab. IX. by means of foine of thofe Rays which it few it by be- 

^'«- >• fore ; but it will not fee the Point F, by Means of the 

Rays ID, LK, which came to it from the Part IL of 

the Looking-Glafe j inftead of which, thofe which fell 

from F upon Y, and go from thence t6 X, will make 

the Point F to be feen, and confequently it will feeni 

to be fomewhere in Z, and fo the Obje^ will appear as 

large as HZ. 

i«. Hvw it '^' ^^ ^^^ Eye continues in D, and the Objeft EF be 
majaffear rcmoved backward to P, the Rays which come fron^ 
ay^f/ute^ every Point of it, and fall upon any part of the Glafs as. 
'"ffift^ JBG, will be lefs diverging than they, were before. Where- 
fore after. Reflexion they will become converging, and 
more difpofed to unite when they enter into the Eye, 
than they ordinarily are, and fo muft really unite before 
they come at the Retina^ which will make the Vifion 
cof^fufed. But it will be ftill more confufedii the Eye be 
in that Place where the Rays which come from every 
Point of the Objeft meet together again ; for thefe Rays 
at their Entrance into the Eye will begin to be (i) le- 

li)S^ratediy Rt/raSftM) Th€y bnt mmif by feec^ing frim the 
irc fepanted, not by Kefractioo 9 . Poiot wJkMt they froTs each other* 

» • ' parated 
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paiated by Refraction, and will fae feparated more and 
more by the Humours of it. 

. 17. If the Objeft remain in P, and the Eye be re- 
moved a little from the Place where the Rays which 
comefrpm every Point of the Objcd reunite, the 
Rays when they enter into the Pupil, will diverge too 
much; wherefore becaufe the Eye cannot lengthen 
it felf enough , the ObjeA will appear ccnfrfed here 
aUb. 

18. But if thb Eye be moved fo far backward from 
that Place where the Rays reunite, that the Rays .which 
enter into it, be not too much diverging, the Vifion 
ought then to be d\ftin£i \ and what is here very re* 
markable, and the moft furprizing EfFeft of a concave 
Looking-Glais, is this \ that becaufe we are accuftomea 
to refer pur Senfation to the Place. from wiiencs the 
Rays which afFeft the Eye fro^i every Point of die 
Objedl feem to come, therefore the Image mu/i appean 
between the Glafs and the Eye ; fo tliat if a drawn Swori 
be prefented liefore the Gla^s, we {haH fee the Blade 
come out from the Glafs, and grow longer and longer 
as we ^approach nearer to it ; becaufe the Rays which 
come from every Point of the Objeft, the nearer it 
is, are the lefs inclined to each other after Reflexion, 
andthereford meet. together at fo much the greater Di* 
ftance. (i) ^ . 

J9. It 


277 


X7* Another 
Xgafon of 
iit af^arm 


ttpeen tht 
Eji 0n4tb§ 
cnuave 
Lookim£» 
Glaju 


(I ) The PliaMiomwia of a concave 
Looking* Glally' may be very pro* 
|wrly reduced to five Cafei. 
■ Firft, Let th§ Artmot the Can- 
dle- Ef be. near the GUfi, Now 

becittfe the PcocUt 
Tab. IX. EBGfCD, FILKD do 
F'g.a. not crufs each other^ 

wherefocver the Ejre be 
placed, whether it be near or at a 
diftaoce ; therefore the ioiafe HM 
ou|ht always to appear tn^\» And 
beonfe the R«ys of thofe Rencili 
ere refleded, not ceoverging to each 
other, bar only I.- is diverging, there- 
fore the Candle ought to appear to 
h« at m certain Diftante beyond tht 
Glaia. 

.Seomdlyy Let the Csmdlt he im 
th0 ^nry Center 7*. Then becanit 
^ the JU71 fall perpendicalarl| 


Qpon the Gl d, ihtj 

muft neceflarily be all Tab« IX> 

refleded to the Ceoter Fig. a. 

it felf; therefore where- 

ever the Bye is placed, out of tht 

Center or any of the Lines tending 

to the Center, it k evident, that it 

cannot fee the Candle at all in tht 

Gtafs. 

Thirdly, Let the Bye he im the 
Center T. Then becaufe no Rays 
hot thofe which All perpendicular* 
ly are refledcd to the Center : 
tkerefbie the Eye can iee nothing but 
its own Ima^ (pread all over the 

Fourthly, Let the Candle ^ he 

firther diJlMntfr^m the Chfi, and 

the Eye KD further difiant aljo* 

Then becsuft the Penctk QO, RN, 

Cfofi each othcTj it if evident, that 

T 1^ tht 


^7? 


bot 


19.. It may be djferved here, thsLt thtf have bWMI 
r^lZlfe" ^^^y "^'■'^^ miftaken, who have affii-fitiedl, ijirtf/ ^JStif 
jh. intagei Obje^h paint their Images upon the Superfidi^ if Lo^khg* 
on th,^ 6v Giajfsis y for every thing there is fo conftifed, tlfet thilt 
toihi '^ is no one Part of the Glafs but receives Ray% ittxh all 
Parts of;tbcObje<a at the lame Timcj and \t^&dA it i» 
certain that all Objects which we 6e by the Ne^ df ft 
Lookihg-'Glars, do not imprefe their Ims^e lOitf whfe]% 
elfe but on the Bottom of the Eye, unlefs when wc fe* 
them by Means of a concave Looking-Gkf^ uiider the 
Circumftances mentioned in the foregoing Atti^to ; aA4 
in that Cafe it b certain, that the Ima^e imf^nifled hf 


lag 


, 1 


ibe Tmase.of the Candle ought to 
- «p(pear idvett^d to the 
Tah. I9S. tft KD. Aifd becaufe 
f j|^ »• the Rxyf of every Peo- 
cil are reflefled con> 
^iergliig, tnd after meeting ibme- 
^bpreia ». Cocu^, go from thence 
^ivcrong. t^) the Eye | therefore the 
Image will not appear beyood the 
Cl»rt> bye «n thla Side of it, rn 
ti^at Focus> Sdlikewifo, r'n amttbtr 
figutfi bcc^ufe the Pencils CD| 

BC crofa each other. 
Tab . XVii. it is evident, thu the 
i^ 3/ iBQage of the Candle 

GB ought to appear 
inverted to the Eye in Q^; and alfo 
^ thja Side the Glaia, and not be- 
5^d it ; becaufe the Rayt of every 
Penci] crofs one another in a Focus, 
at was before explained* But why 
in this Cafe wf ihould not imagine it 
to be very near, (unlefs we look 
wery intently upon it ) when it it 
|rj»Ly very near* S9t The Notts ««. 
Chap, xxxiii. jirt, I2. for the Cafe 
it the iame here as in the Pexfpec- • 
tive Clafs there. 

Fifthly, htttbtCardUGB ieat^ 
fqmt Difianft from the Glajs^ and 
thf Mye M ttery near it. Then 

b<ca^fe l;he Candle 
Tab. ^VII. GB is feen by ether 
Fig. 3, Pencils GHM,BCM , 

Yrhlch do 90; cio(^ 
each other ; it is manifeft, that the .: 
Image of GB ou^t to appear ei«d 
ag^ip, but more confufedt 

But in this Cafe it is particnlprly. . 
to be obierved, that the ByeA^hath^ 
no way to judge either in what^ 
PWjP^ W at what Piiiancs^ behind 


the Olafs the Image of 
the Candle ought to a j)- Tab.XViT, 
pe»r ) for fince the Fig. 5* 
Rays of every PeaieU 
converge towards eac^ other* that «* 
do not come ifrom any give6 P^nt, 
bnt at it were ^oln an iniSiiite Di« 
ftince, to ent^r into thcr l^yt f aat 
£nce thofe refieaed Rays BM, SM 
do not meet with their refpeftiv« 
PerpeodicolatB of IhcldeKe DT^FL, 
( from which meeting the Piaee ef 
the Image is always determioed ) 
there remains notMng to jod^ft of 
the Diftioce c£ the image by hkit 
mere Prejudice* 

It was very ill * Catopricka 
therefore in * Tat^ Book 1U> 
firar, after lie had ib Prop* 30. 
well demonftratcd 
Ufldef thta HMd\ timt the refligtH 
Image in ewf hooking9Glafi tt «/•* 
way i feen im tb* Plate where the H* « 
JUffeaRayr meet with their Cdtbetut 
•f htcidenaj (the Cathetus^ of. bci* 
deuce u a LUk drawn from any Point 
in the ObjcA perpendicular to the 
Glafs) to except th)6 Itft Cafe as coQ- 
tradi^iog this Axiom f whereas it 
ia nowjiystontcididory to it. For . 
when the Bye ia in hich a PoiStfoSy 
at to receive the teileded ilayy be- 
fore they meet with their CatiKti of 
Incidence, the Image cannot be lecn 
where they meet, hecaufe they don*c 
meet any where ^ neither is it icc« 
iasny other oertsie. Place f but it 
a^e^s the Eye at If it came from an 
infinite Diftance ) in tbk (amte Man- 
ner as when the Rays come ccnvet|«- 
in|(oat of a Pcrfpe^ive Ghfs- Se$ 
tkf Notet 9n tbaf* «xxHi'« Jirt' i% ' 

the 
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the Objeft, is not upon the Superficies of the Glafs, 
but in the Air, in the Place where we imagine we fee 
the Objca, and w)iere the Ra/$ which; cojne from every 
Part of it, are united after Refiexlon^i), 


tfyjc 


(I) Befidet focli Lookiog-Claflet 
vrliere we look upon one Su^ftdes 
onhr, we may t^c^confidcr Pcrfpec-, 
tlve- Gladja, or cerCaf A clear Clafles, 
arLoekiijg-Olalles iMi^ftliig<of two 
SufctfiSet i aocordiwi to ib^ Vaciety 
of. which> Iherc U aUo a^oD^erful 
Variety of tti^doti 'Iftta^. Fof 
ii«t only the IrtSttpliftiici wbith 
ir^Tca tbe Mcideat >IUya> out of 
Air* bot alfii'tbe lecoDcTSupei^ies 
Whith receivit the ' Ibi^s s^idg ottt 
of Cla£r into ilSr; txhlbitK a ttBia^ 
tad>Iaat^ei ta may befeev by placing 
aCan4lebefore(uchaGIiiis. ^ 

Firft then, let a Gtn^ b^ daced 
before a Obfk wbick > pialo pa 
both ^dd ; thfsn the Immes reflec- 
ted by each Stiperficies, WiU'lioth be 

ther. ojtty^'onlyi that Thrt 
which ii tc$t£bfi by the farther Su- 
perficies wUt feem a Ijtrie ^ort ob- 
ibof, htan(k a frOit JtMi^y ^ the 
R^yt h»ve ah:eady btao nfleOed by 
theilrft$uperiiete$« 
^ Secondfy, Let the Ghft be plahi 
on the ooe Si^e,. and. convex on the 
Othorj thoaif theCbndle be placod 
hefoK the convex Soperidles> the F- 
ijbp win be rededed ered by each 
Svpttilcici (ui^ria the Qbia be of 
i^ a Thicknefty and thoFore 6de 
orlt ib convex, ^at.thc Rays in 
fiiKbg thfOo^-t^ afd Aado converg- 
ing, It&d al^erlMivftig ^dBn.tofle^edi 
by the plahi Sapetfici<s> and pafl^g 
a (etond Tilne thh)«(gh"the <:otivex 
sue, flBOifkl aFooos halbre they 

ro to, tfao £y^ I lA which Cafe 
ImafB from the Utter p)aia Su* 
ycri^wlil baiecii inverted) but 
thai %lhkh U from the firft and 
convex Sopcrficiesj viU appear kfi. 


But if the t%tiS\.t be pbmd before 
the plain Soperfidety tbon the Image 
reflet6icd. /loflK the ^i^rSoperfici^ . 
wilfbe ettec agahu and ^at.froJk 
thi fiittberrSopericioft, which h 
^ronoave-wjthiAy wilA bo re i gfi td in— 
verted,^ and will alto leeoi, to_^ ^ 
aonach nearfertd tho Eye;- tliA tl»t 
ton the fi£ft and plain fltt|ttifts>: 

l^hSrdlji, Let Ihe GUiit bedlam ba 
one' S]de> and toncaveon' m other. 
Thcntf tte eudle Jne p&dd ^iM > 
the. ct}iKave:^peifi4(s, ' the lQ»W ' 
refie£hd' Irbio the 'furft Superset ' 
wUrbc invori^, end that ffohi the ' 
^rthfir one,* etea. Botifif (1K|i«. 
Candle be ^»ccd before the. p|aii|. 
Supetficies^ the Images refle£lbd from ' 
OJich So^ficies will ba otia; bit . 
clVir^«,ttl« ^prther qpe^ whidi I9., 
conyox within, wil) appear 1^& . 

Fourthly; Let the Glafs btf. coif-' 

Sro on . onai-Side, and oOnv^ o« 
eoth6i>. Then if the Candle fe . 
placed ,befo|<p the concave Sjiperfi- 
ciesy the images by each SiipbnL- 
tdesy. will bolaverteds| fant ifd>fef(»« 
the <;<NivcK> Side, they will bo >^ 
cire^. 

fffthl^,; Let tlae Gbfr be convex 
<n:botfa ^Nkst Then; the lB9^ of. 
the Candle jnlaced before, it' wtU 
always^ be rejleded erea by the mi 
^oper&iesj and always invert 1^- 
^ other Sopetficist^ which ii«MH: 
cave within. • 

Laftly^ Let the Gtab be co^cii(t« 
on both Sides. Then tlie ]tea|eof 
the^Cfodl^pla^ before Hij.wiU a^. 
ways be lefl^acd by the.fi^ So^ 
peiiidei hiveiied, 1M «li^yft ftrbft 
by the iattar which is convei 
within* 
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V ..:.-.. CHAP. XXXV. 
A Solution of fome Problems concernit^ Vifion. 
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f. Ofth% ^JH'OyGH I liav? beep very )vgc upon this Sub- 
iJ^*«j6,v^ 1 jeft of Vifion^^ct 1 doubt not but that I have. 
wfwardt palled over a great xn^ny cunous C^eftions, the Solu^ 
^nddotoH' tibu-x^. which J^y perhaps be fomcwhat difficult ,to 
Tctfa^r" thoife-who ^enot well acquainted with ourinanncrof 
Explication. That this Treatife theitfbre xti^y be as 
littk, defe(Elive .as pofSble, and to fhow the Ureful|ie(s . 
of it) i (hsdl hecB^piopofe fome of tfaefe Sort of Que^. 
r&il.ai^d leave the Jlj^cellency, at Icaft the Truth qf 
our j^pothrfis tQ be j«4god pf» by feeing how eafy it 
is'to if3f(^e them*' And Firft> I ask j Whence is it^ 
iharifjben we look upon a lighud Candle at a little Di-^ 
Jtancewith our Eyes winkings there feiemU, emu Rays of 
Light from the Fitme of the Candle^ and dart upwards- 
ar^ aswreuJards into the. Air f And whence is it alfi 
that if an opake. Body, be put between the Eye and the 
Ptaceixjhere we fee the uppermoft Raysy ^ve fill continue 
to fie them i ana on the contrary ^ ceafe to fee the lower moft' ^ 
T b. IX. ^^^ ^ ^" order to underftand the Reafon of thefe Phae^^ 
rig. J. ' nfemetia, let us confider, the Eye A, the Eye-lids of 
which H, I> are fo jaiear each other, that there is only^ 
^ ypyi narrow Paflage left, thmi^h ^hich the Rays 
lyMch' come frpm the Candle BCD pafs (cf imprefs its' 
linage OQ the Part of .the Retina EFGin' the Manner 
aboveV-explained:. Further^ it is to be obferved, that 
the Parts H and I (\vhich are ufe^ to toucjh one ano- 
ther -^hen the £y(s is. clofe {hut,)..aie To imooth, > that 
they refemble (i) twofmall convex Looking-Gbifles, 
whjch"' refleil the. ^ys of Light fallipg uppa qiqn, to-^ 


I » lata 




(r) Two fmall eomnx Locking- are refracted by the Humoar which 

Glaffu) The Rays in thisCafe^ ue fticks to the cti^fide of them ; iq 

not reflcficd by the inward Super- explaining alJ the reft cf thii Bh^ • 

£cie« of the £ye-Jids thcinfelves, in acmeoon^ the Reafon is the iame* 
^e manoer ol Lockin|-GiaiIcs^ |>ttt 

ward^ 


/ 


k -wards the ii^/ifftf, to the Parts of it £K, FL, "which - 
otherwife woul4 not haye ,been affedled but by Objc£b 
which are about BM and .CN. Wherefore the Impref-^ . 
(Ion made upo;i £K; caujfe ^e Appearance of bright 
Rays, which we refer to the Place BM, and the Im-^ 
preffipn made oii GL caufe the A|!pearance of the, 
Rays which we imagine to be in CN, But that which ^ 
13 moft worthy of Obfcrvation here,- is, that the Part 
of the Flame B, which illuminates ; the lower £ye-lid I 
bv Rays, w^ch are refleded to the upper Part of the ' 
Ketina I^G, caufe the Appearance of theJower Rays : 
CN ; wherefore if an opake Body OP be put between ' 
the Eye and upper Part of the Fhme, we ifaall ceafe r. i^ 

to (ee the lower Rays, and continue to fee the upper " % 

opes,' bjBcauie they are feen by Means of the Raya ' ' 

CH> which come from the Bottom of -th^ Flame, and '^ • 
which ait not intercepted. And all the Difierence that . 
we (hall find in thefe upper Rays, is this ^ that where- ^ 
as before. they feemed to be in BM, they- will now* 
ifem tp h^ on this Side the opake Body OP. But 
when the Eye is opened as ufual, that is, when the Eye- « 
lids come no nearer than ^ and T, we ought not to 
feetbefe Rays of Light ; becaufe the Ravs which fall 
upon thofe Places which we now comparea to Looking- 
Gkfib, enter but-n little way into the aquHut Hwmur 
at*furtheft, and are hindred from going any further by ' 
the Uveoas TunicL 

< 2. Whence is it that when a Fire-brand is turned rounds «• OfaFirt^ 
ivefe^ a Circle rf Fire through which it pajfed f The Rea- ^^ '»'»'^ 
' ion of this, is, becaufe the Fire-brand makes a circular -^"" ' 
Impieffion upon the Retina^ and the Motion of it being -. 
very quick, fome of the Impreffion made at firfl remains ' 
till it returns again, 

' 3. From this Phaenomenon we may draw this Conclu- 3. That tbt 
fion, that though Vifion is made in an Inflant, it does ^^' ^?"' 
hbwever continue fome fhort Space of Time. fime'^tim'!** 

4; Whence is it that a Cannm-hall^ ar anj other Uaek 4 ^h «'* 
Boify pajfmg very quick before a white Wally canmt ^^.ZT^/^^^' 
firceived at all ? The Reafon is, becaufe a black Bo-'J,, ^i,vV 
dy making no Impref&on upon the Eye ; the Ball in- »ove vnj 
tjc^rrupts the Rays of Light reflefljed from the Wall, fo ^"''** 
very little, that the Motion which thefe Rays excited 
in the Eye juft befpre^ is^ continued in it for fo ihort a 


S^TVby 


^Wiyfim '5. WhfJk fim Perfint fii d^/ttHMf » aeerhmt Di- 
fi^iBt fi^^ ^^y^ aMIie cwifkJUlf at a Rioter er tejer Di- 

mmtsmDu ^f thftt Diibtite^ that the MiiTcks i^ Which the Figure 

'•^'^ of the Bye ii dtei^^ arc gmiVii ftiffj; s(hd Uncapabfe 

of {terfdrining thetr Ofiee 5 ill the Qixtit Muiher ia ^ 

other Mufcl^ of the Bodjr sirb uncapable dF moring 

tfii MedibeiB of it^ if they have not been exerdfed 

f(k a long Tim^. To which v^ milj add ; that die 

Tunicks which contain the three Hujokmos of the Eye^ 

aie fo harddiM, that the^ will libt fo eafily yidd ai. 

before. * 

%.qfFl/ou 6v Whekfy Is H ibat an OijeS vjbich Uppeirrs c&i^(nli 

,«»r»' s Mi ^gn ive bok at "it too near^ maf hejetn- very Ji/Hnfffy at 

^llHi^^^ the fame Difldnce through h Hole made with a Needk fn 

a fine Card^ or a Piece of Paper f The Reafon i^ be- ' 

dtufe the Eye then receiving a lc6. Quantity of kay^ 

from every Pomt of the Objeft, each of them p^ts its 

Image but lipon a'Verjr ftttall Space, fo that thejf whIcK 

come frotBf two neighbouring I^oihts> Bo not cOifoffiid 

each others Aftioins { 2 ). 

7, 1^^'ee 


§dm OUf) This often htppens to Auoe 
^rtioiltr Sort of WofKmeiS^ as £n« 
gnverf > &e» >Rd ought to be looked 
mb «i c panieiilir Sott of AAem* 

. (%) ItfloitjalfelierebeeociDired; 

a# very fmaU op^ Bwij fuU 
i% thi MiddU of Mn Shit &. 
Ovoten ibt Eye Mnd a peat mm 
MJghU y ff muUifHid Jo as to fe 
fitm hofire every Light 7 The Rea. 
Ion Ut becabie th« lUya cro^ one 
Mother in that Ho!e, and are la- 
va^ie^ bf the fi^all opake Bo- 
dy* Let ui iniagiiie 
T4b. VI. OHILN to be the Eye, 
I^EPFQ the fmall Hole 
in tlif Kper, JID the fin^ll opake 
iody ful^ended m die Middle of 
the Hole s and A, 6> C> three Caa« 
diet* Thie being fu'ppofed^ the B3« 
ay lib t^ill intercept the Ray 
BO } cheftthe Shidow of that Bo* 
dy will fall on O, and therefore 
the Body it felf will be feen in B s 
h Ukewife it will intercept the 
Ray AXi A thtt its Shadow will 


htt ufMk-Xi iad Oertfore it'wil 
bf feeo la. A* Uit^j» H will al«. 
fo intercept |l|e Ray CV^ ifhoft 
Shadow wijl ftir on y, and tJieK- 
ftnt It wlUbe'leia ia C. KdChcr 
it it ace^aiy that an oeake Sodt* 
flrould be fufpeaded in a Holb al 
•il t For fince the'Rayi that oom4 
fmm a grtit iaa»y lodd Bedte^ 
croft one another in the Tmakm 
Corned, if yon fix joar Eyea wpoB 
a Fire of beming Cuaiw, -'dnd put 
ayeryflender Iffon-roddofe to.fpor 
Eye» it will be greatly mnltiptifld^ 
and feen as It were before every 
Coal. 

Secondly, tny am OijeS is fiem 
double when looked at taith 004 Ifm 
tbroaob t4oo Hottt weado in 4 Pa^ 
fer eUfe to eath other f fn. m^ee- 
to account for thia Eflefi, tc ia to. 
be obferved, that the ObjeOs arv. 
never feen dobUe, bot when all 
the Rays of the lame Pencil, neet*' 
together before they come |» tiiC' 
Bottom of the Eye, or after they. 
axe paiicd beyond it. In older to 
havt theff Rayt mm together be- 

Ion 


V > 

GoMraSsi can fit Via trnfigtSOf iifttthvarit^ ^^^"^lUm^Zd 
th^'tudfit ^wry lairgt evnvix Gk^i in trlet id fik iEf& •fOm^sSt 
Jtnieh f BcfiMt we tckivc this Quellicm, Itfe tb bfe'blH- '•^1^ 
IMeiy ifi^t a Cataneft is not a Peariv Bt^Aat^ f&nbs- G^ST^* 
CT wttvtsth th6 A^preous and Oii'tibuiine nomoixiVy as 
fii^ Iitiui !bii§ ftnagined]; but is an AltfciitticAl Maidb ihr 
Ae^fftaUine Humoar ft ietf. itrUains ther^ih- 
-ilAeijr loK it^ TMilpatcn^y ^d is bM^mc opalb^ it tkit 

¥9xt # it ; .wUdi htff vtky eafdy be^ fa^ this ftuihoul^ 
is compofed of a great many Membranes oneiipoh 2^6^ 
Afer» WHdi become tifiblei^ttett ittfbdiiea, Whdice ^^ 


im tMgr ftrtHe ttlis 
Ta'k X« jawyi^ of iJic B]rt, kt 

tie 1^1^ flf I ^oang deep Ejrt j» tb« 
flitadk Furt of attach D bcSftnf 

ktof tkcl^per iuid IctOQ^PR 
be tlie BMlbm of dM C)«. N6«r 
btcBBie this opJke Body bttrcepti a 
giwu miay^ «f tke Biji, tod Ar 
tiMt lUblte malkct all ike PtecOi 

i« f& MMkoftkeii i it k ^liw 
4««( t^t tU Poioi 4 it AtD fa 
tiic FUee miukdl a By the czfRiiM 
Hbjpt JIAy aM a Htm etkftrt near 
dipiit ^ i% this Phct mtriMd 3 
14 1^ Ana HO. HN« nkercM, 
oMMfblCiMli lu¥e bdte feiai 
9illy cMMnllr ia A iy te lafi. 
die. Rmy* 9-, md tfaaia wUch iinr* 
rop44 tlMfa* And becasft tbe &mt '. 
ni&l hatoeoi Ib etery oUter Pdliat 
ofi tbia AJww^ k Oiittf dae It 
mig]|» i» t» appear dooUe^ tkat 
wEcn the r||ht Hole DiL d tbe o* 
p«te ijody wlikh eoren the Poptt 
ItAoppol^ dte i€ftIitufl»6Q« and 
the Amur cq the ri|^ Side diC 
appear $ Md if the left Hole ^ Aop- 
ped, the rifht Image and left Ar- 
ro^ dfApfter. But if oe the edter 
Hudf vre /opfMie the Eye to be old 
^od Urnt, fi> that the ^ottcHD of it U 
ukOQ^9lt, bet very near GYH, 
and' that the lUp of ^vcry PeojEil 
arrive H the Bottooi of the Eye be. 
ibit thcjr 9a^x6ik&U iico s PoiiM;^ 


f hi Almr «tll m^Mi doMki^ 
hat U fhet the isigti vf H lipbir 
Aopping the Helei by Tttrai» wUi 
difiy^eir IhllMeQhMy i^iA^t tbt 
mhat they Ii4 UAIrtfw FdMie^» q^ 
the ftflM ^■ut^'eidi^mfiy cbllt^-. 
that if there be a freat many Holef 
ihfteid df Tin*, tHefe -otfght W m 
a gieat OMey Imigri of the Ot^ 
iees. Lafti*, Wl^ dWBody which ^ 
a^peart double ia th& Jbff iiiier> ap« 
pean to bt d)ibd Whh GOtoort afloj* . 
mqr bd ibea la Ae lV«d«f «e ei^^« 
XjcvIU ^l^dsi toiamrdiib^End* 
. Thlidly, »^. j)r /W« *rr«ia^ry^,nviBL 


, fir A^ ^, «eV tikCmdU 
A €SM k* (ken Vfitb eh r^gii £yB 
f, diki Wj tie CandU B wit^ thS 
i^Bfil^l ibbn^kifB ib^B^drW 
^m $9jtbirf f<7iMrrf«^.C#Htfr««hr 
jbM» stifk wtrt in Hi int tU 
CawdUt mafl it h^ 4f Ont fimk 
Bugbtif, mmi at H* fim Ttm ee 
4^ MMi ^nt^ befnn wiik vhUk 
tbt tt^ttkcetcfibf Cand'hs A mnjt 
B watf St t9ii^a^edf The* Retfoa 
hem, b, 'mst^temfit oneCaaila^ 
floly caa be feea by eadf Eyd )' aaC 
oae Bye <»ry nikce' a very bid, 
Judgeflieiit of the free Difhmte of 
Objeai$ cich flf thdhCii^Ics ire 
therefiwe ieen nearer than it reaUjT 
li, the one In the Line AF, and 
the ether in theUne-BDy and there* 
^Me tMy ^eiki bo^ to unite In the . 
common Place H dt If they «ei« 
htttotte* 


It 


«»4 jR.0M^lfliT*i,^Y&rfiiM Parti. 

V . ft follows,^ that v(ben .the CataraA. is- taken away, the 

whole Chrydalline. Humour is ta|ceii. away, .or at leaft, 
^„ / is made fl^itfer or lels convex than it wasbefbce.: Now 
- • if this Huniour J)e kls convex., than, it was before^, the 
Rays which the Eye receives, from every Point of the 
Qbjeft ,will •not.j?e fo much refrafted, .or will |iot incline* 
fo much tp c|c;h other, as tofbe able to imite togkhcR 
when they comp at the Retina 'y.sixii this jnuft make the 
Viuon ccu^fufed. But this may. be remedied by the Hdpt 
of a very coiiyex Glafs, , which makes the Rays that were 
be^re diverging, i)ecome converging when they enter in- 
td.the£y£. . \- .' * . , 

S. nHytoi , 8. ff/jy do DivefSr'wb^: ^^ ^re. under Water, jee aU^ 
h vffbMwe ^^^i^ cmjufedly , unlefs they make ufe of very convex 
4ire undtr Glajfes f ' The Rcafon' i$,'» beoaufe the Ray^ lof Light 
l^attr. which come to them from the Objeft, are "very -ii trie 
ifefrafled in pafling out of Water ipto the Aqu^us.Hu-. 
snoiu: of the Eye, fo that thofe Rays which come from 
the fame P^fitr are flot ui^ited together when, they fill' 
v^nthtJKetinal and this is 'remedied. by very convex 
GlafTes. . » • . I . • . .^ 

9. my if * 9. Lajf^^ Whme h % thatifwejhut oHeEye; and 

tZi'^wl'tb '?^* l^i^^i^ m^ t^ other J upon afmaJl ObjeSf whicff Js^ 
one Eye upon ^tjix Foot t>ijtance fuppoje ; we cannot at the fame Time 
f fmail Ob. Jee another Jmdll Obje£f^ whui is at a little more than 
^^j^M^,^^^ff^, jPi^X t>0ance fram.it 5 thoiigh >we can fee, ity if it- 
fberjmau' hs a little nearer, or a little fnr^er'iiff'? The- Reafen ' 
^4/f^ . is, becaafe' when thi^ other fmfll Objeft \t at the Place . 
^rjne'arit. where it cannot bc.fcen, it impfeffcs the Image &cs£t\y 
* on that Part of the Bottom of the Eye where th* Op^ 
/MNervief iehters ini and whcce the Separation of tne 
Capillaments jof this Nerve is jnade, in order to fpread 
themfdves every Way, and <*over .the Bottom of the 
Eye ; fo that this Image, has no Effect, becaufe it does 
not ^11 upon the Extremities of the CaptUaments of the 
Optick Nerve, /which is neteflary in order to Sight, as 
has been before expfained. ^ » 

i«.9l4# If 10. There are innumerable other Queftioris upon this 
ufimetinut Subjcdl, that* might be asked; but tliey 'who rightly 
r^tTfo ^ Wtoftand th& .Nature of Ktfton, will find it no great 
Paitiite Difiiculty to refolve themfclves, and the Pains which 
find ma the they take in finding out the Solution of them, will 
^^ • make them have a clearer Notion of them, and render 
tb^m more familiar : And as to thofe who are unca* 

^ ' pabfe 
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Mblc of iinderitandirig'tMm, or who will not be at any 
Pains ;, it is to rio piirp<ifet6 attempt td fatisfy them, by 
■ explaining a great' Nimlwr of Queftibns. Wherefore t 
flutl here condudrithfefifft "Part; which bfiffident to 
content alL reafonablc Peribijs, and to open the Minds of 
fuchj'that they ma^ fci the future proceed in a right 
Method of difcovcnng the Truth, and avgfding Error* 
which are the Two Things we ought principally to have 
in View in all humane Sciences. For the Exadneis and 
Imprcwement of Reafon, together with fuch-a Freedotn 
andOpendsof Mind, as may render it capable of judging 
finceidy and impartially, 3M of cfeoiiAg it 1^ of all 
IKfficuhies, are incomparably mcire to fe valued thait 
the Knowledge of all the Sciences in the Worirf; 


th EnJ (f the Firft Part, 
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